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Today a large number of pesticides are being used for 
destroying, repelling or reducing a wide range of pests in 
agriculture and public health. In our country, India, 
agriculture is still the mam source of livelihood and the 
pesticides are amongst the most useful tools available to 
man m order to get the crops properly grown and fruitful 
harvested. 
It is certain that the world-wide crisis of food has been 
considerably removed with the help of pesticides. On the 
other hand, usage of pesticides in agriculture has imposed 
many direct and indirect effects on the environment. The 
pesticides are carcinogenic and mutagenic substances. They 
possess accumulating tendency as well as persistent nature. 
Thus the chemical crop protection is profit induced 
poisoning of the environment. The pesticides concentration 
in air, water, soil, flora and fauna is increasing day by 
day due to their repeated and indiscriminate use. Hence to 
meet the world wide problem of environmental protection and 
pollution control, it is necessary to detect separate, 
identify and determine the pesticides residues, in our 
environment and to take proper steps for their removal. 
Several non-instrumental and instrumental methods are being 
used for pesticides residues analysis. Since instrumental 
techniques are costly and sophisticated and they require 
skilled operators, therefore, either they are not avilable 
or have not been installed in many laboratories of the third 
world. Hence, there is a growing interest in developing new, 
simple and inexpensive techniques for pesticides residues 
analysis. 
In this thesis efforts are made to investigate new 
chromatographic materials and techniques for the detection, 
separation and determination of some carbamates and 
carboxylic acid pesticides and related compounds are 
described.. The thesis comparises of six chapters. 
Chapter 1 is the General introduction which gives an account 
of the importance of pesticides, their methods of analysis 
and recently reported papers for pesticides analysis are 
summarized. 
In Chapter 2, stationary phases, mobile phases and 
development techniques used in planar chromatography are 
summarized (Table 1). 
Chapter 3 describes the chromatographic behaviour of 
carbamate pesticides and related compounds on different 
thin-layers. Some important separations achieved are given 
in Table 2 and their chromatograms are shown in figure 1. 
In Chapter 4, thm-layer chromatography of carboxylic acid 
herbicides and related compounds on calcium sulphate and 
its admixtures using different modes of development is des-
cribed. Bromophenol blue (0.1% ethanolic) is used as a spray 
reagent. Some important separations achieved are given in 
Table 2. 
Chapter 5 describes the paper chromatography of the above 
compounds on plain papers and papers impregnated with ion-
pair reagent (cetrimide) and/or reversed-phase reagent 
(paraffin oil). Some important separations achieved are 
given in Table 3. Trichloroacetic acid has been determined 
densitometrically using bromophenol blue solution (0.1 % 
ethanolic) as a spray reagent. The per cent error and 
coefficient of variation has been found to be 1.75 - 18.13 
and 1.59 - 8.98 respectively. The lower limit of 
determination is found to be 100 pg. 
Chapter 5 describes the thin-layer chromatography of the 
above compounds on fly ash leached with acetic acid (0.1 N 
aq.), benzene, ethanol, hydrochloric acid (0.1 N aq. ) or 
sulphuric acid (0.1 N aq.), sodium carbonate (0.1 N aq. ) or 
sodium hydroxide (0.1 N aq. ) as the mobile phases and 
bromophenol blue (0.1% ethanolic as a detector. Some 
important separations achieved on thin-layers of fly ash are 
given in Table 3. Plant growth regulator, indole-3-acetic 
acid has been separated quantitatively from gallic and 
oxalic acids. Indole-3-acetic acid has been determined 
spectrophotometrically at 510 nm. The lower limit of 
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CONCLUSION 
On the basis of the above discussion it is concluded that 
the new coating materials and techniques developed viz. (i) 
normal-phase TLC for detection and separation of carbamate 
pesticides and related compounds on different thin-layers 
(ii) calcium sulphate and its admixtures for detection and 
separation of carboxylic acid herbicides and plant growth 
regulator using different planar chromatographic techniques 
(iii) normal-phase, ion-pair, reversed-phase and ion-pair 
reversed-phase paper chromatography on papers impregnated 
with cetrimide (ion-pair reagent) or paraffin oil 
(reversed-phase reagent) or cetrimide/or paraffin oil, (iv) 
normal-phase thin-layer chromatography on different samples 
of fly ash using different mobile phases, can be used 
successfully for the detection, separation and determination 
of several carbamate, carboxylic acid pesticides and plant 
growth regulators. Being simple and inexpensive, these 
techniques may be extremely useful, especially at the places 
where sophisticated instrumentation facilities like GC, 
HPLC, are not available. 
16 
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ABSTRACT 
The pesticides are widely used for pest control in 
agriculture, forestiang and public health. The pesticides 
are carcinogenic and mutagenic. They possess accumulating 
tendency as well as persistent nature. At present their 
concentration in environmental samples is low. However, it 
is increasing day by day due to their repeated and 
indiscriminate use in agriculture. 
Many instrumental and non-instrumental methods are 
being used for the analysis of pesticrdes. Since 
instrumental methods are costly and sophisticated, and they 
require technically skilled operators. Hence, there is a 
growing interest in developing new, simple and inexpensive 
techniques for pesticides residues analysis. 
The research work presented in this thesis is related 
to the planar chromatographic methods for the detection, 
separation and determination of some carbamates and 
carboxylic pesticides and plant growth regulators. 
In chapter 1 the recently reported research papers, 
which are describing various types of pesticides, their 
action, application and methods of their analysis are 
summarized. 
Chapter 2 describes the stationary phases, mobile 
phases, detectors and techniques used for planar 
chromatographic detection separation and determination of 
(xii) 
pesticides present in different environmental samples. 
In chapter 3, thin-layer chromatographic behaviour of 
carboxyl, carbendazim (Bavistin), carbofuran, propoxur, 
phenol, 4-chlorophenol, o-nitrophenol a-naphthol and 
p-naphthol is examined on aluminium hydroxide gel, barium 
sulphate, calcium carbonate, calcium phosphate, calcium 
sulphate, cellulose and silica gel G using acetone, benzene, 
carbon tetrachloride chloroform, distilled water and ethanol 
as the mobile phases and potassium hydroxide (1% methanolic) 
followed by 4-nitrobenzenediazonium tetrafluoroborate (0.1% 
in acetone) as the detector. The important separation 
achieved are: 
Carbendazim from carbaryl, propoxur, 
4-chlorophenol, o-nitrophenol, a-naphthol and p-
napthol. 
Carbaryl, propoxur, cc-naphthol and p-naphthol from 
carbofuran, phenol, 4-chlorophenol and 
o-nitrophenol. 
o-Nitrophenol from carbofuran, phenol and 
4-chlorophenol. 
Carbaryl was determined spectrophotometrically at 520 
nm using sodium nitrite, sulphanilic acid and sodium 
hydroxide as a colouring reagent. In Chapter 4, calcium 
sulphate is used as a coating material for the thin-layer 
chromatographic separations of carboxylic acid herbicides 
and plant growth regulators such as benzoic, 
4-chlorophenoxyacetic, cinnamic, citric, 2,4-
dichlorophenoxyacetic, gallic, indole-3-acetic, indole-3-
propionic, maleic, a-naphthaleneacetic, p-npahthaleneacetic, 
(xiii) 
p-naphthoxyacetic, oxalic, phenoxyacetic, tartaric, 
trichloroacetic and 2,4,5-Trichlorophenoxyacetic acids using 
normal-phase, two-dimensional, sequential, ion-pair 
reversed-phase etc. as the development techniques. Acetone, 
benzene, carbon tetrachloride, chloroform, 1,4-Dioxan, 
aistilled water, ethanol ethylacetate ana propanol as the 
mobile phases and alkaline bromophenol blue (0.1 % 
ethanolic) as a detector. 
Chapter 5 describes the chromatographic behaviour of 
the above compounas on plain-papers and paper impregnatea 
with lon-pair reagent (cetrimide) ana/or reversed-phase 
reagent (paraffin oil) using acetone, acetophenone, benzene, 
butan-2ol, carbon tetrachloride, chloroform, 1,4-dioxan, 
distilled water, ethanol, ethyl acetate, nitrobenzene, 
propanol and pyridine as the mobile phases and detected by 
the above spray reagent. The important separations achievea 
include : 
Chlorophenoxyacetic, 2,4-dichlorophenoxyacetic and 
2 , 4,5-trichloroacetic acids and dalapon from benzoic, 
gallic indole-3-acetic, indole-3-propionic, 
^^-naphthalene acetic ana p-naphthalene acetic acias. 
Trichloroacetic acid from chlorophenoxyacetic, 
phenoxyacetic and 2,4,5-trichlorophenoxyacetic acids 
ana dalapon. Trichloroacetic acia is determined 
aensitometrieally. 
Chapter 6 describes the thm-layer chromatography of 
the above compounds on fly ash leached with acetic acid 
(O.lN) benzene, ethanol, hydrochloric acid (O.lN) sulphuric 
acid (O.lN), sodium carbonate (O.lN) and sodium hydroxide 
f XI V) 
(O.lN). Benzene, carbon tetrachloride, chloroform, distilled 
water, ethyl acetate and sodium chloride (1% aq. ) are used 
as the mobile phases and the detector used is given as 
above. Indole-3-acetic acid is determined 
spectrophotometrically at 510nm using 1ml of 0. 5M FeCfc-, in 




Pesticides can be defined as substances that kill or control 
some unwanted organisms such as insects, fungi, undesirable 
plants, rodents (rats and mice), mites or nematodes etc. 
(1). 
The chemical classification of pesticides is given in Table 
1.1. The application, action and lethal dose (1,2) of the 
pesticides under study are given in Table 1.2. 
1.2 IMPORTANCE OF THE ANALYSIS OF PESTICIDES 
The pesticides are carcinogenic and mutagenic substances. 
They possess accumulating tendency as well as persistent 
nature. Thus the chemical crop protection is profit induced 
poisoning of the environment. The pesticides concentration 
in air, water, soil, flora and fauna is increasing day by 
day due to their repeated and indiscriminate use in 
agriculture. Hence to meet the world wide problem of 
environmental protection and pollution control, it is 
necessary to detect, separate, identify and determine the 
pesticides residues, the pollutants, in our ecosystem and 
then to take proper steps for their removal. 
1.3 MISTHODS OF ANALYSIS 
Several instrumental and non-instrumental methods have been 
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pesticides residues in different environmental matrices. The 
methods of analysis of the pesticides are summarized below: 
1.3.1 CHROMATOGRAPHIC METHODS 
1.3.1„1 Planar Chromatography 
It takes three forms, namely thin-layer chromatography 
(TLC), paper chromatography (PCj and electrochromatography. 
The papers published in this area are summarized in Chapter 
2. 
1.3.1.2 Column Chromatography 
Different types of stationary phases are used in column 
chromatography depending upon the mode of action, by 
adsorption, ion-exchange, partition etc. It is commonly 
applied for clean-up and preconcentration of the pesticides 
residues. 
1.3.1.2.1 Classical column chromatography 
It has been used for the preconcentration of pesticides 
residues in water samples. Some of the important papers are 
summarized in the following paragraph. 
An improved silica gel clean-up and recovery method (3) has 
been developed for organophosphates. The per cent recovery 
(and standard deviation) of phorate and disulfoton has been 
found to be 96 (5-6) and 98 (1.0) respectively. The 
(11) 
recovery of carbophenothion, chlorpyrifos, DEF, diazinon, 
disulfoton, Et parathion, fenthion, leptophos, malathion, 
phorate and temephos has been found to be 92-101%. The 
adsorption behaviour (4) of carboxylic herbicides and plant 
growth regulators such as phenoxyacetic acid, TCA, benzoic 
acid, cinnamic acid, lAA, p-naphthaleneacetic acid and 
p-naphthoxyacetic acid on aluminium oxide (active and 
neutral) has been studied. The retention capacity of 
several carboxylic acid herbicides and plant growth 
regulcitors on polyurethane foam has been estimated (5). The 
foam plugs have been found to be useful for the separation 
of p-naphthaleneacetic acid from acetic, benzoic, citric and 
trichloroacetic acids. Rathore et al. (6) have developed a 
new solid phase extraction procedure for the 
preconcentration of the traces of carbaryl (50-400 ppb) in 
water using glass column containing polyurethane foam plug. 
The percent recovery of carbaryl in tubewell water, river 
water, rain water and distilled water has been found to be 
73-80, 82-88, 91-97 and 94-98% respectively. 
1.3.1.2.2 High-performance liquid chromatography 
High-performance liquid chromatography (HPLC) continues to 
find an important place as an . analytical tool for the 
separation and determination of pesticides residues. HPLC 
is preferable for analysing thermally unstable pesticides 
that cannot be analysed directly by GC. It is also reported 
(7) that the additional steps, taken for the preparation of 
(12) 
thermally stable derivatives for GC analysis, make the 
procedure time consuming and concomitantly increase the 
chances of pesticides loss. 
Gyorffi and Kandenczki (8) have used capillary fused silica 
columns for higher sensitivities and better resolution of 
sixteen pesticides residues including lindane, parathion, 
captan, endosulfan and fenarimol in citrus. A simple HPLC 
method (9) for the determination of carbaryl deposited after 
aerial application has been reported. The carbaryl was 
collected on a filter paper, washed with acetone and the 
solution was concentrated and chromatographed on a 5 >am-ODS 
column using methyl cyanide:water as an eluent and monitored 
at 267 nm. Carbaryl has been detected in the range of 
2 35-3500 jug/m within 200m from the boundry of aerial 
application. Davy and Francis (10) have used RPHPLC for the 
analysis of enantiomorphs of fluazifop and other 
phenoxypropionic acids such as mecoprop, dichlorprop and 
fenoprop. L-prolyl-n-octylamide-Ni(II)-acetonitrile:water 
(50:50) have been used as the mobile phases. The enrichment 
procedure with reversed phase C, „ columns for triazines, 
phenylureas, phenoxyalkanes, carboxylic acids, aldicarb, 
atrazine, bentazox, metazochlor, simazine and lindane has 
been reported by Senkfriel et al. (11). The analytical data 
of HPLC have been compared with those obtained by using UV. 
(13) 
1.2.1,2.3 Gas chromatography 
Gas chromatography (GC) is the most versatile and sensitive 
method for pesticides residues analysis. 
Noble (12) has reported a method based on packed column and 
capillary gas liquid chromatography for the identification 
of phenoxy ester herbicides. GC coupled with mass 
spectrometry has been used (13) for the analysis of 
phenoxypropionic acid derivatives possessing herbicidal 
activity. Herbicidal carboxylic acids (14) have been 
analysed by ECD gas chromatography using columns filled with 
(3% GV-225 on 80/100 gas chrom Q) . The enbloc 
derivatization (ester form) was made by direct ingestion of a' 
mixture of herbicides and pentafluorobenzyl bromide in 
acetone. This procedure was fast and particularly 
convenient for low level (e.g. 0.04 ng in 2,4-D and 2,4,5-T) 
screening, identification and analysis of highly acidic 
chlorobenzoic, chlorophenoxyalkanoic and arylacetic acids in 
the presence of less acidic carboxylic acids and phenols. 
Pentafluorobenzyl and methyl esterification method (15) for 
several common acid herbicides (dalapon, MCPA, MCPP, 
dicamba, dichloroprop, dinoseb, silvex, 2,4-D, 2,4-DB and 
2,4,5-T) have been evaluated and compared. GC/electron 
capture detection limits for two of the seven 
pentafluorobenzyl esters have been found to be better than 
the corresponding methyl esters and comparable for the other 
five herbicide esters. Yang (16) has determined trace 
(14) 
organojphosphates (OPs) by passing a concentrated sample of 
pesticides residues through a column (containing UV-17, 
OV-210, and chromosorb W-HP 80) at 230°C and using flame 
photometric detection at 240°C. OPs have detection limits 
l.<0.1jug/l, recoveries r-* 82-112% and relatively standard 
deviation <7%. Jianfeng and Renping (17) have described a 
procedure for the determination of dimethoate, methyl 
parathion and parathion at /ag/1 levels in water. The 
detection limits have been found to be 0.1, 0.5 and 0.5 p-g/l 
for diraethoate, methyl parathion anji parathion respectively. 
The precision and accuracy of the method were examined under 
optimal analytical conditions. The average recoveries and 
relative standard deviation were 90.8-109.5 and 2.13-4.78% 
respectively. Sadlo (18) has determined methidathion, 
deltamethrin and cypermethrin residues in hop cones using 
gas chromatography with ECD and NPD detection. 
1.2.1.3 Liquid-Liquid Extraction 
It is used for the separation and the preconcentration of 
the pesticides residues prior to their estimation. 
Hamann and Kettrup (19) have used liquid-liquid extraction 
for the preconcentration of phenoxyacid herbicides in water 
samples, dichloromethane has been used as an extracting 
reagent. Schoeler and Brodesser (20) have developed an 
improved extraction method for the quantitative analysis of 
pesticides in water. 
(15) 
1.2.2 EiPOT TEST ANALYSIS 
Spot tests are extremely useful for the preliminary 
characterization of a test material. The tests are simple, 
sensitive, selective and rapid and can be applied directly 
(solution phase) or indirectly (vapour phase). Therefore 
different characteristics of the test materials and proper 
set of conditions have been utilized in order to bring the 
sensitivity, selectivity and specificity of a particular 
test to a maximum. 
A new technique, pressure capillary spot test (21) has been 
developed for the detection and determination of pollutants 
including plant growth regulators lAA and GA with their 
lower limit of detection as 0.1 and 50 pg respectively. A 
capillary containing cotton plug impregnated with 
p-dimethylaminobenzaldehyde and trichloroacetic acid was 
used for colour development. This technique has been used 
for the semiquantitative determination of lAA in wheat 
shoots. The above technique has also been utilized (22) for 
the detection of trace levels of organophosphates such as 
malathion, formothion, thiometon, dichlorvos,methyl 
parathion, dimethoate and phosphomidon in water, soil and 
citrus leaves. The lower limit of detection for the above 
pesticides in water has been found to be 5, 25, 25, 8, 5, 30 
and 9 mg/1 respectively. A selective fluorescence spot test 
(23) for the detection of TCA in soil and water has been 
developed. The test is based on the formation of 
(16) 
salicylaldazine which displays yellow-greenish fluorescence 
for the detection of TCA. Hydrazine in the presence of 
alkaline phenol was used as fluorescent reagent. The test 
can be successfully applied for the detection of traces of 
TCA (30-50 ug/O.l ml) in soil and water. 
1.3.3 VOLUMETRIC METHODS 
Volumetric methods involve use of a chemical reaction 
between substance to be determined (analyte) and another 
substance used as titrant. Being simple and inexpensive it 
is also used in analyzing pesticides especially at the 
places where sophisticated instruments are not available. 
A volumetric method (24) for the determination of malathion 
in emulsifiable concentrates has been developed. Alkali 
cleavage of malathion gives 0,0-dimethyl phosphorodithioic 
acid that forms a complex with Bi (III) . The complex is 
extracted with chloroform and the bismuth left uncomplexed 
is titrated with the sodium salt of EDTA. Any free 
O,0-dimethyl phosphorodithioic acid, that may be present, 
interferes with the determination. This is rectified by 
the complex formation without hydrolysing the sample. For 
the determination of malathion one more simple, sensitive 
and safe volumetric method has been reported (25). In this 
method potassium permanganate in alkaline medium has been 
used as an oxidizing agent. The lower limit of 
determination has been found to be 0.1 mg of malathion. 
(17) 
Quantitative separation (26) of p-naphthaleneacetic acid 
from oxalic acid has been carried out. The acids were 
separated on TLC plates coated with BaSO.:CaSO, (30:70) in 
ethyl acetate developer. p-Naphthaleneacetic acid was 
scratched off, eluted with 25 ml of hot 2-propanol while 
oxalic acid was eluted with 25 ml of hot distilled water. 
Both the solutions were made upto 50 ml in 50% 2-propanol by 
adding water or propanol and then titrated with standard 
alkali and phenolphthalein indicator.. A modified 
micro-Kjeldahl distillation method (27) has been developed 
for the determination of secondary carbamate pesticides in 
technical materials and in formulations. Methylamine 
released on alkaline hydrolysis of the sample, was steam 
distilled and absorbed in boric acid solution which was 
titrated with hydrochloric acid using bromocresol green as 
indicator. The limit of detection has been found to be 0.02 
mmole of active ingredient. 
1.3.4 BIOLOGICAL METHODS 
The toxically significant residues of pesticides of certain 
classes which cause inhibition of the enzyme cholinesterase 
have been analysed by biological methods. As it is possible 
to apply these methods without clean-up, they are suitable 
as screening tests but are non-specific. The techniques 
based on enzyme-inhibition are simple, inexpensive, 
ultrasensitive and rapid (28). These include 
enzyme-inhibition electrodes, enzymatic-chromatography and 
(18) 
enzymatic-colorimetry. 
Bushway et al. (29) have described an enzyme immunoassay for 
the determination of atrazine in water and soil. An 
atrazine antiserum is prepared by derivatizing atrazine at 
the 2-chloro position and covalently conjugating it to 
bovine gamma globulin using a modified carbodiimide 
crosslinking procedure. The coefficient of variation for 
atrazine in water samples at atrazine concentration of 4-50 
ppb are reported to be 10.0-4.1% and for atrazine in soil 
samples at 4-40 ppm are 16.3-8.4%. 
El Yamani et al. (30) have developed automated systems based 
on the use of a butyrylcholinesterase electrode for the 
detection of organophosphorus and carbamate pesticides at 
very low (ppb) concentrations. This technique has been 
utilized for the routine monitoring of river water 
pollution. An enzyme immunoassay (EIA) has been developed 
(31) for the insecticide endosulfan and its degradation 
products. The EIA is based on antibodies raised against the 
diol of endosulfan by immunizing rabbits with a keyhole 
limpet hemocyanin (KLH) endosulfandiol conjugate. With this 
method, endosulfan can be detected in aqueous solutions at a 
level of 3 ppb without any sample extraction procedure. The 
measuring range has been found to be between 3 and 400 
ng/ml. 
(19) 
1.3.5 SPECTROPHOTOMETRIC METHODS 
Spectrophotometry of pesticide residues does not achieve the 
sensitivity of TLC and GC techniques. It may not be able to 
distinguish between the parent compound, metabolites and 
hydrolysis products but can be used with chromatography as a 
confirmatory technique. 
1.3.5.1 Ultraviolet and Visible Spectrophotometry 
Seshaiah and Mowli (32) have described a simple and sensit-
ive spectrophotometric method for the determination of mala-
thion with methylene blue. The malathion is decomposed with 
alkali and the resultant dimethyldithiophosphate is extrac-
ted with methylene blue in chloroform. The absorbance of the 
organic layer is measured at 652.1 nm. Tsitovich.et al. (33) 
have determined several herbicides in natural water samples 
spectrophotometrically. For preconcentration of herbicides 
ion-exchange methods have been used. 2,4-D is eluted with 2M 
sodium chloride and determined by using butylrhodamine and a 
green filter. Dalapon is determined by UV spectrophotometri-
cally at 200-203 nm. TCA is eluted with 4M sodium chloride 
solution and determined at 510 nm using pyridine. Yolan (S-
ethyl-N-hexamethyleneiminothiocarbamate) is eluted with so-
dium chloride solution in water:ethanol (1:1) and determined 
at 206 nm. Affonso (34) has developed a chemical method for 
the determination of triazine based pesticides. An unstable 
colour reaction produced by triazines with pyridine in 
(20) 
presence of alkali is the base for a simple ultraviolet-
visible spectrophotometric determination of triazine based 
pesticides in water. Sample preparation and extraction of 
atrazine from water samples were described. The method 
serves as a fast and inexpensive screening for subsequent 
gas chromatography analysis. The reaction is sensitive 
covering the range of 0.1-0.5 pg/1 after following the 
extraction procedures. 
1.3.5.2 Densitometry 
Herbicide residues (35) have been analysed by using spectro-
densitometry coupled with TLC. The diffuse reflection 
electronic spectra of herbicides of different groups have 
been obtained in the UV region and the optimal wavelengths 
for scanning in routine analysis have been determined. The 
substances studied are characterized by the intense band in 
the 220-280 nm region, the position of the bond and the 
quantity of resolution depend on the substituents present in 
the chromophore group. Spectrodensitometry coupled with 
STLC has been used (36) for the separation and determination 
of dipihenyl ether group herbicides including nitrofen, 
oxyfluorfen, bifenox, fluorodifen, acifluorfen, femesafen, 
chloroxuron and diphenoxuron. 
(21) 
1.2.5.3 Fluorimetry and Phosphorimetry 
A sensitive fluorimetric method (37) has been developed for 
the determination of indole-derivative plant growth 
regulators (lAA, IBA and IPA) of the auxin group. The 
method is based on the reaction of auxins with 
o-phthalaldehyde in concentrated sulphuric acid. Yuan and 
Cao (38) have determined DDVP and related compounds by 
fluorescence method. These compounds react with 
o-dianisidine in the presence of sodium perborate to form 
fluorescent products which can be measured by fluorimetry. 
1.3.6 MISCELLANEOUS TECHNIQUES 
Tsunoda and Kishi (39) have used mass spectroscopy for the 
analysis of N-methylcarbamate pesticides. They have 
recorded electron impact (EI) and chemical ionization mass 
spectra of fifteen N-methylcarbamates and 
S-methyl-N-hydroxythioacetamide. These compounds give 
intense peaks of M-57 on EI mass spectra. 
The utility of (40) surface-enhanced Raman Scattering (SERB) 
spectrometry for the determination of trace levels of 
various chlorinated pesticides including chlordane, 
carbophenothion, bromophos, chloropyrifos-Me, dichloran, 
linuron and 1-hydroxy chlordane has been described. The 
silver coated substrates consisting of submicron spheres on 
solid surfaces have been used as SERS-active media. 
(22) 
Polarography has been applied to the detection and 
estimation of several pesticides. Quantitative polarography 
is based on the measurement of the diffusion current, i.e. 
height of the polarographic wave. A differential pulse 
polarographic method (41) using the dropping mercury 
electrode has been reported for the determination of 
herbicides, atrazine, prometryn and simazine. The limit of 
— 8 
detection has been found to be 8 x 10 M, corresponding to 
about 15 (jg/l. 
Carbamate pesticides (42) (aldicarb, dioxacarb, primicarb, 
propoxur, carbofuran and carbaryl) have been identified and 
quantitated in human blood plasma, blood kidney, and liver, 
after extraction with methylene chloride at pH 5, followed 
by GC or HPLC and UV spectrometry, stability of the 
pesticides in forensic materials during storage was 
discussed. 
Pfeifer et al. (43) have determined polarc pesticides by 
GC/MS in drinking and natural water. A sample 
preconcentration method consisting of extraction on C,o 
reversed phase material and subsequent reaction with 
diazomethane was presented for the determination of ioxynil, 
bromoxynil, bentazon, CMPA, CMPB, CMPP, 2,4-D, 2,4-DB, 
2,4-DP, 2,4,5-T, 2,4,5-TP, dinoseb, pentachlorophenol, and 
trichlopyr in water. The detection limit for all the 
substances was 0.025 pg/1 with a mass selective detector and 
the rate of recovery was 89-102%. 
(23) 
In this thesis efforts have been made to investigate the new 
chromatographic materials and technologies for the 
separation, detection and determination of some carbamate 
and carboxylic acid pesticides and related compounds. In 
Chapter 2, planar chromatographic methods for the use in 
pesticides analysis are summarized. TLC behaviour of 
carbamate pesticides and related compounds is described in 
Chapter 3. Chapter 4 describes the chromatographic 
characteristics of calcium sulphate. Paper chromatographic 
behaviour of some carboxylic acid herbicides and plant 
growth regulators is described in Chapter 5. In Chapter 6, 
the TLC behaviour of the .above mentioned pesticides on 
leached fly ash is discussed. 
(24) 
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2.1 INTRODUCTION 
Planar chromatography includes both paper chromatography 
(PC) and thin-layer chromatography (TLC). PC is the 
simplest method of detection and separation. It has a 
reasonable degree of sensitivity and concurrent 
determination possible with gas chromatography has led to PC 
being used now mostly for confirmation of the relatively 
non-specific gas chromatographic compounds. 
TLC has grown rapidly in the recent years and is now 
widely accepted as a rapid and efficient detection 
technique. TLC has replaced PC in pesticide residue 
analysis because of its higher resolution and shorter 
development time. It is lacking in the precise specificity 
of gas-liquid chromatography but it is more precise and 
sensitive than PC. Although most advances in pesticide 
analysis during the past few years have taken place in the 
field of GC and HPLC. TLC has retained its status as a 
valid and simple method for the qualitative and quantitative 
analysis of pesticide residues and their metabolites. 
2.2 RESULTS 
A number of books, reviews (1-73) and research papers have 
been published in this area. Several new coating materials 
have been discovered and tested for pesticides analysis. The 
(29) 
older coating materials have been re-investigated using new 
solvents systems, especially in mixed solvents systems. It 
appears that many papers on this subject originate from 
researchers in the less developed countries, which is 
plausible due to the lack of sofisticated instrumentation 
and facilities for their repair. 
TLC can be used in many ways (A) in order to achieve 
better results of analysing pesticides residues (B) present 
in environmental samples (C). 
(A) Thin-layer Chromatography 
(1) Normal-phase thin-layer chromatography (NPTLC or 
TLC) . 
(2) Two-dimensional thin-layer chromatography 
(2DTLC). 
(3) Sequential thin-layer chromatography (STLC) 
(4) Reversed-phase thin-layer chromatography (RPTLC) 
(5) Ion-pair formation thin-layer chromatography 
(IPTLC) 
(6) Reversed-phase Ion-pair formation thin-layer 
chromatography {RPIPTLC) 
(7) Multiple-development thin-layer chromatography 
(MDTLC) 
(8) Preparative thin-layer chromatography (PTLC) 
(9) High-performance thin-layer chromatography 
(HPTLC) 
(30) 
(1.0) Overpressurized thin-layer chromatography 
(OPTLC) 
(1.1) Rod thin-layer chromatography (RTLC) 




(4) Carboxylic acids and their derivatives 
(5) Substituted ureas 
(6) Triazines 
(7) Others 
(C) Environmental samples 
(1) Air 




2.2.1 PLANAR CHROMATOGRAPHY OF PESTICIDES 
2.2.1.1 Organochlorines 
Matysik et al. (74) have used plastic foil plates coated 
with silica gel 60 G for the detection and determination of 
B-HCH, DDT, DDE, Lindane, DDD and methoxychlor by using 
dichloromethane: n-haptane (2:9) solvent system. The lower 
(31) 
limit of detection of B-HCH, DDT, DDE, lindane, methoxychlor 
and DDD has been found to be 0.20, 0.20, 0.20, 0.20, 0.25 
and 1.00 pg respectively. Organochlorines (75) have been 
detected on TLC plates using 3-methylbenzidine, 
N,N'-diraethylbenzidine, N,N'-tetramethylbenzidine and 
3,5,3',5'-tetramethylbenzidine in presence of sun light as 
detector. The lower limit of detection has been found to be 
0.20 pg. A new method based on GC coupled with TLC has been 
developed for the identification and determination of 
organochlorines (76). Silica gel TLC plates (77) have been 
used for separating organochlorines present in water using 
ethyl acetate, hexane:benzene (1:1) and hexane:diethyl ether 
(1:1) as the mobile phases and ammonical silver nitrate 
solution as a detector. The determination has been made by 
densitometric scanning. TLC has been used for the 
determination of chlorpyrifos and its metabolite using 
AgNO-./UV detection and scanning of zones (78). 
Organochlorine insecticide residues in soil extracts have 
been determined on alumina G plates using methanol:water 
(2:1) as a mobile phase (79). Sundararajan and Chawla (80) 
have used silver nitrate impregnated alumina G plates for 
the routine detection and identification of halogenated 
synthetic pyrethroid insecticide. TLC plates have been used 
for separation of chlorinated insecticide by using pyrolysis 
technique with IR laser and electron captiire detector (81). 
(32) 
Traces of endosulfan (1 ^q) has been detected on TLC plate 
using 20% aqueous sodium hydroxide followed by 5% nickel(II) 
chloride in ammonia solution as the detection reagent (82). 
2.2.1.2 Organophosphates 
Dimethoate, dimethoate oxygen analog disulfoton, dioxathion, 
fonofos, fonofos oxygen analog and oxydemeton-methyl have 
been separated from each other by concurrent use of two 
silica gel layers and two mobile phases (83). A novel 
technique, TLC-MS, has been developed for the analysis of 
organophosphate insecticides and their metabolites (84). 
Funk et al. (85) have determined and characterized 
organophosphorus insecticides by HPTLC on silica gel 60 with 
two fold one dimensional development and chloroformrethyl 
ether:hexane rtoluene (293:257:250:200) as a mobile phase. 
Plates coated with silica gel have been used for the 
analysis of diazinon, malathion, dimethoate, ethion, methyl 
parathion and parathion using hexane:acetone (70:30) or 
benzene:chloroform (70:30) as the mobile phases and ammonium 
molybdate (15%) in HNO (2:1) as the detection reagent (86). 
Silica gel TLC has been used for the sensitive detection 
(500 ng) of phosmethylan and its major metabolites in soil, 
water, crops, milk and meat using 0-tolidine/KI, PdCl or 
4-(dimethylamino) benzaldehyde as a spray reagent (87). 
Imidan and its degradation products, imidoxon, 
(33) ! 
N-hydroxymethyl phthalimide, phthalimide phthalamic acid and 
phthalic acid have been separated on TLC plates coated with 
silica gel-plaster of paris using chloroform :benzene (9:1) 
and chloroform:methane (1:1) as the mobile phases and iodine 
as a location reagent (88). TLC on silica gel layers 
impregnated with 0.5% cresol has been used in the 
determination of organophosphates in vegetables and human 
blood (89). Two-dimensional overpressurized TLC has been 
used for the separation and determination of five 
organophosphorus warfare agents in the presence of twenty 
two pesticides (90). A temperature gradient (30-40°C) TLC 
on silica gel or alumina has been used for the separation of 
organophosphates using petroleum ether:benzene:ethyl acetate 
(65:30:5) as the mobile phase (91). HPTLC on silica gel has 
been used to separate and detect organophosphates using 
2-methylthioacridone as a spray reagent (92). Analogues of 
fenthion, disulfoton and phorate have been analysed by TLC 
(93). A new and sensitive TLC detection method has been 
developed (94) for the detection of quinophos, monocrotophos 
and disulfoton (10 pg) using cupric acetate in dilute HCl 
followed by KI as a spray reagent. Pyrazophos in plant 
products has been separated by TLC (95). Sulfur containing 
organophosphorus pesticides have been detected on TLC plates 
using potassium iodate as a spray reagent (96). Acetellic 
and basudin(II) in ,• green and dry tobacco leaves have been 
(34) 
determined by TLC (97). Acetylcholinesterase inhibition TLC 
has been used for the quantification of organophosphates and 
organochlorines (98). Parathion residues has been detected 
in crops and determined by TLC coupled with colorimetric 
method using 4-amino-N,N'-dimethylaniline-2 HCl as the 
colour forming reagent (99). Methyl parathion, malathion, 
sumithion, and methomyl have been separated by TLC using 
ethyl acetaterchloroform (1:9) as a mobile phase (100). 
Organophosphates and carbamates residues have been analysed 
m fruits and vegetables by TLC (101,102). The mobil.ity and 
R^ values of some organophosphates, dichlorvos, dimethoate, 
fluchloralin, formothion, malathion, phosphamidon and 
thiometon have been recorded on TLC plates coated with 
different types of soils (103,104). Enzymatic TLC detection 
(105) has been reported for the identification of methamido-
phos. The lower limit of detection is 15ng. Ethyl parathion, 
azinophos-ET, carbophenothion, diazinon etc. have been extr-
acted from water using C,„ solid phase extraction catridge 
and separated by TLC using acetic acid as a mobile phase 
(106). Terbufos ans its four oxidative metabolites have been 
separated on silica gel 60 plates using toluene:acetone 
(85:15) as a mobile phase and palladium II chloride-iodine 
as a detection reagent (107). TLC on silica gel coated plate 
has been used for the separation and detection of dicrotopho 
ethion, phorate, fensulfothion, oxydemeton-methyl, phosmet 
(35) 
phosfolan and trichlorfon using AgNO-./UV as a detector 
(108). R^ values of 11 organophosphates in sewage sludge, 
drinking and river water have been recorded and determined 
by GC and TLC procedures using hexane, acetone or ethyl 
acetate as the mobile phases (109). Organophosphorus 
pesticides have been determined on 'Sorbfil' HPTLC plates 
and detection has been carried out by enzyme-inhibition 
technique. The limit of detection has' been found to be 
0.001 to O.lmg/1 (110). 
2. 2.1,. 3 Carbamates 
Abdel-Kader et al. (Ill) have separated carbofuran and its 
two carbamate metabolites in fresh water, soil and plant 
tissue. The compounds were separated by silica gel TLC 
using KOH/p-nitrobenzenediazoniumfluoroborate as a detection 
reagent. TLC on silica gel has been used for the 
determination of bendiocarb present in work place air using 
hexane:acetone (2:1) or benzene:ethyl acetate (2:1) as the 
mobile phases and 4-dimethylaminobenzaldehyde, 
p-nitrophenyldiazonine, and 2,6-dibromo-N-chloroquinolinene 
as the detection reagents (112). TLC on silufol UV-254 has 
been used for the separation of thiocarbamic acid 
derivatives using hexane:diethyl ether (3:1) as a mobile 
phase (113). The lower limit of detection has been reported 
to be 0.01-0.02 mg/1. Semicarbazone herbicides have been 
(36) 
separated on silica gel G coated plates using 
benzene:chloroform:methanol (9:3:2) and chloroform:methanol 
(3:1) as the mobile phases. RPTLC has also been used for 
the same purpose using water:acetonitrile (1:9) as a mobile 
phase and 1% ferric chloride in butanol and 3% 
2,4-dinitrophenyl hydrazine in chloroform:methanol (3:1) as 
a detection reagent (114). Padalikar et al. (115) have used 
(1) 1% m/v,,CuCl2 followed by 0.1% ammonium metavanadate and 
(2) 0.5% m/v potassium hexacyanof errate (III) in 0.5% m/v 
sodium hydroxide as the detection reagents for the TLC 
detection of carbaryl. A TLC method (116) has been 
developed for the detection of carbaryl using diazotized 
p-nitroaniline (PNA) and diazotized p-aminoacetophenone 
(PAAP) as the detection reagents. The former gives stable 
blue colour while the latter gives stable purple colour. 
Rathore et al. (117) have developed a TLC method for the 
separation, detection and determination of carbaryl in 
water. Rathore and Sharma (118) have separated carbaryl and 
related compounds by STLC on silica gel G coated plates 
using benzene, carbon tetrachloride, distilled water, 
1,4-dioxan, and ethyl acetate as the mobile phases. TLC has 
been used for the determination of drepamon, benthiocarb and 
yolan in environmental samples (119). A sensitive detection 
of asulam, sulfanilamide and sulfanilic acid (10 ng) has 
been made on TLC plates coated with silica gel 60 using 
(37) 
fluorescamine as a detection reagent (120). A suitable TLC 
scheme has been developed for the separation of carbaryl, 
bendiocarb, carbofuran, baygon, ziram, zineb, aldicarb, 
MIPC, and BPMC on plates coated with silica gel containing 
1% zinc acetate using benzenerethyl acetate (50:10) as a 
mobile phase (121). Rod TLC coupled with FID has been used 
to determine methomyl in serum and urine (122), 
2.2.1.4 Carboxylic Acids and Their Derivatives 
TLC plates made of silufol or silica gel :-kieselguhr (2:3) 
have been used f.or the separation of carboxylic herbicides 
using cyclohexane-benzene-acetic acid-liquid paraffin and 
cyclohexane-benzene-acetone as the mobile phases (123). 
Jackson and McWha (124) have remarked that indole-3-acetic 
acid decomposes rapidly on silica gel coated plates and 
caution must be exercised when using TLC on silica gel for 
indole-3-acetic acid. Hill reaction inhibition TLC has been 
used for the detection of herbicides (125). Pain and Pal 
(126) have separated indole-3-acetic acid from honey by 
paper chromatography using isopropyl alcohol:ammonium 
hydroxide: water (10:1:1) or ethyl alcohol (70%) as the 
mobile phases and Ehrlich's reagent as a location reagent. 
Seven indol-3-acetic acids have been detected on TLC plates 
using ortho-phthalaldehyde in 7M sulphuric acid and 10% 
ethanol after exposure of the chromatogram to 350 nm 
(38) 
radiation (127). Rathore and Kumari (128) have applied 
electrophoresis on paper strips for the separation of 
carboxylic acid herbicides and related compounds. They 
(129, 130) have used paper chromatography on strips 
impregnated with aluminium hydroxide, cadmium hydroxide, 
calcium sulphate and calcium carbonate for the separation of 
carboxylic acid herbicides and related compounds. The above 
mentioned compounds have also been separated on plates 
coated v>/ith calcium sulphate containing ammonium molybdate, 
aluminium oxide, calcium carbonate, copper sulphate, ferric 
chloride, magnesium sulphate, phthalic anhydride and zinc 
oxide (131-132). Carboxylic acid herbicides have been 
separated by 2DTLC on calcium sulphate (133). Plant growth 
regulators have been separated by TLC on barium sulphate 
(134). TLC plates coated with admixtures of barium sulphate 
and calcium sulphate have been used for the separation of 
carboxylic acids, plant growth regulators and herbicides 
using mixed solvent systems as the mobile phases (135, 136). 
STLC has been used for the separation of 2,4-D and related 
compounds (137). IPRPTLC has been applied for the 
separation of phenoxyacid herbicides (138). TLC on 
admixtures of silica gel and calcium sulphate has been used 
for the separation of carboxylic acid herbicides (139). Paper 
chromatography on plain papers and papers impregnated with 
ion-pair reagent (cetrimide) and/or reversed-phase reagent 
(39) 
(paraffin oil) has been used for the separation of 
carboxylic acid herbicides and plant growth regulators 
(140). HPTLC with densitometry has been applied to 
determine gibberellin A^ and A. + A^ in fermentation broths 
(141). Densitometric TLC has been used for the 
determination of eight phenoxycarboxylic acid herbicides in 
drinking water (142). Herbicides residues have been 
determined from a group of derivatives of aromatic acids in 
plant material by silica gel TLC using benzeneihexane:acetic 
acid (5:12:2) " as a mobile phase for herbicides and 
hexane:acetic acid (7:3) solvent system for the separation 
of dichlorprop from dicamba using UV as a detector and 
silver nitrate as a detection reagent (143). Residues of 
the plant growth regulator, chlorocholine chloride residues 
in grain and grain products have been determined at 0.1 
mg/kg level by methanol extraction, alumina column clean-up 
and cellulose TLC using butanol: formic acid:water (7:2:1) 
as a mobile phase and Dragendorff as a detection reagent 
(144). 
2.2.1.5 Substituted Ureas 
Modern HPTLC has been used for the determination of 15 urea 
herbicides in drinking water (145). Residues of metoxuron 
and its breakdown product, 3-chloro-4-methoxyaniline present 
in water, potato and soil samples have been determined as 
(40) 
their fluorescent dansyl derivatives by TLC (146). Isouron 
and its metabolites have been determined by silica gel TLC 
and reflection absorption scanning at 240 nm (147). A TLC 
method using silver nitrate impregnated alumina G has been 
used for the estimation of diflubenzuron urea herbicide 
(148). Structure and TLC mobility relationship studies of 
tebuthiuron and related compounds have been reported (149). 
2.2.1.6 Triazines 
RPTLC on silica gel impregnated with paraffin has been used 
for the analysis of triazine derivatives (150). HPTLC on C„ 
and C, „ has been used to determine conditions suitable for 
lo 
the analysis of sixteen triazine derivatives (151). Silica 
gel TLC has been used for the separation of seven triazines 
using methylene chloride-acetone, toluene-acetone, 
chloroform-ethyl acetate and benzene-acetic acid as the 
mobile phases and UV light and 0-tolidine-Mitchell's reagent 
for detection (152). Triazine herbicides have been 
separated and determined on silica gel GF 254 using 
hexane-Bu acetate as a mobile phase (153). Hexazinone 
metabolites from rat-liver microsomes, peanut seedlings, and 
sugarcane have been separated by TLC and identified by 
direct-probe MS (154). Atrazine has been determined in 
drinking and ground water by extraction with chloroform and 
then TLC on silica gel using toluene:acetone (85:15) as a 
(41) 
mobile phase and 4,4'-tetramethyldiaminodiphenylmethane as a 
detection reagent (155). OPTLC has been used to determine 
six triazine herbicides in milk by dilution with acetate 
buffer, precipitation with methanol, extraction with 
chloroform, clean-up on a forisil column, and TLC on silica 
gel coated plates using chloroform-ethyl acetate or 
hexane-ethyl acetate as the mobile phases (156). Atrazine 
and simazine have been determined in water and sewage by TLC 
on silica gel using chloroform:acetone (95:5) as a mobile 
phase (157). Triazine herbicides have been separated and 
determined on silica gel GF 254 plates using hexane:Bu 
acetate (60:60) as a mobile phase (158). 
2.2.1.7 Others 
Thiabendazole has been determined in fruit,peel by TLC using 
fluorometric quantification (159). Phenyltin fungicides 
have been separated by silica gel TLC using acetic 
acid:chloroform:isooctane (5:20:75) and acetic 
acid:chloroform (3:7) as the mobile phases and fluorescence 
detection (160). MDTLC and STLC combined with gradient 
elution has been found to be highly suitable for the 
systematic detection and determination of pesticides (161). 
Over hundred pesticides (predominantly fungicides and 
insecticides) have been determined in standard solutions by 
HPTLC (162). Dedek et al. (163) have studied the behaviour 
(42) 
of radiolabelled pesticides on silica and soil layers. C, „ 
lo 
preadsorbent TLC plates have been used for the clean-up of 
abscisic acid present in plant extracts (164). 
Organochlorines, organophosphates, and thiocarbamate 
herbicides residues have been determined in vegetables by 
densitometry (165). HPTLC on silica gel 60 and RP-18-W 
layers have been used to confirm GLC results in pesticide 
multi-residue analysis and .it has been found to be highly 
efficient and low cost (166). Some fungicides have been 
detected on TLC plates by microbioassay using C. Cucumerinum 
spores (167). TLC has been used to assay residues of 
N',N'-bis (1,3,4-thiadiazol-2-yl) methanediamine in rice 
(168). RTLC-FID (169) has been used to determine paraquat 
in plasma and urine using C-, „ or silica gel SPF for 
isolation of the pesticides. Metaphos, phosphamiaon 
phosalone, atrazine, prometryn, simazine, 2,4'-DDT, 
4,4'-DDT, 4,4'-DDD, 4,4'-DDE, a-HCH and y "^CH have been 
analysed by TLC in environmental samples (170). 
Spectro-densitometric TLC has been used for the 
identification of herbicide residues (171). STLC on silica 
gel Merck no. 5721 coated plates has been used for the 
separation of eight herbicides in a mixture using 
hexane:diethyl ether (3:1) and then hexane:acetone :acetic 
acid (35:25:0.05) as the mobile phases (172). Chloroplast 
homogenate and 2,6-dichloroindophenol have been used for the 
(43) 
location of herbicides on TLC plates (173). Hill reaction 
inhibition has also been used for the determination of 
herbicide residues in agricultural crops, foods, soil and 
water using silica gel TLC (174). The lower limit of 
detection has been found to be 1-10 \iq/kq. Quantification 
of herbicides in sugar beet and sugar has been carried out 
by TLC (175). Hazardous phenols have been separated by TLC 
on silica gel G using chloroform:methanol (49:1) as a mobile 
phase and aqueous potassium carbonate (10%) diazotized 
o-dianisidine solution, orthanilic acid, o-dianisidine and 
diazotized orthanilic acid as the detection reagents (176). 
Some insecticides, acaricides and fungicides have been 
determined in fresh and processed apples by 2DTLC on silica 
gel G using cyclohexane:acetone (10:1) and light petroleum 
ether:benzene:ethanol (65:30:5) as the mobile phases and UV 
light and bromophenol blue as the detectors (177). TLC has 
been used as a screening tool for on-site environmental 
level analysis of petroleum distillates, polynuclear 
aromatic hydrocarbons, chlorinated pesticides, 
polychlorinated biphenyls, phenols and explosives (178). 
HPTLC has been used for the analysis of organotin compounds 
(179). Preadsorbent silica gel has been used for the 
separation of five rodenticides and two vitamins using 
phosphomolybdic acid as a detection reagent (180). Silufol 
plates (181) have been used for the determination of 
(44) 
metazine, chlorocaragard and methoxycaragard herbicides 
present m air. Pentachlorophenol has been benzoylated with 
3,5-dinitrobenzylchloride and the benzoate derivative has 
been detected on a silica gel layers and detected as a 
violet spot by spraying with 3 , 5, 3 ' , 5'-tetramethylbenzidine 
(182). TLC and differential pulse polarography have been 
used for the determination of dinoseb and DNOC in water 
(183). Rod TLC on chromarods-A with flame ionization 
detection (FID) has been used- to analyse herbicides and 
related compounds (184). Triazines and chlorophenoxy acid 
herbicides have been determined on preadsorbent silica gel 
layers impregnated with silver nitrate using 
chloroform-acetone for triazines and hexane-acetic 
acid-diethyl ether for phenoxyacid herbicides, as the mobile 
phases (185). Sherma and Boymel have analysed urea, 
carbamate and anilide herbicides m soil and water by TLC 
using densitometry (186). Biphenyl residues, urea, 
carbamate and anilide herbicides, have been analysed 
quantitatively by TLC using densitometry (187). Captan, 
folpet and captafol have been determined in extracts from 
water, lettuce, and apples by TLC on preadsorbent silica gel 
layers using silver nitrate as a detection reagent (188). 
Flucythrinate insecticide residues have been separated by 
TLC on alumina G-silver nitrate layers using hexane:benzene 
(45:55) as a mobile phase and irradiation with UV light as a 
(45) 
detector (189). Chlorophenols have been detected in aqueous 
solutions by TLC on silica gel (190). TLC has been used to 
identify DNOC in urine (191). The dicarboximide fungicides 
procymidone, vinclozolin and iprodione present in drinking 
water have been determined by C-,Q SPE and silica gel 60 
HPTLC using reflactance scanning (192). HPTLC on silica gel 
layers has been used for the analysis of trace levels of 
pesticides in ground water, surface water and drinking water 
(193). Organochlorines and organothiophosphorus pesticides, 
p-p'-DDT, p,p'-DDE, methoxychlor and parathion have been 
separated and detected by TLC (194). HPTLC-AMD (Automated) 
has been used to monitor phenylureas, carbamates and 
triazines using one general C-.^ SPE and TLC-UV densitometric 
method (195). Jost and Herbert (196) have studied the 
application of two-dimensional thin-layer chromatography of 
amino acids, bile acids and pesticides on precoated plates 
CNF_^.^ HPTLC (197) on silica gel 60 F^^. plates has been 
used for the determination of abscisic acid using 
benzene:ethyl acetate:water (5:4:1), benzene: ethyl 
acetate:acetic acid (15:4:1) and toluene:ethyl acetate: 
acetic acid (25:15:2) as the mobile phases. Quantification 
has been carried out by scanning densitometry using 
deuterium lamp and SP 4270 integrator. The lower limit of 
detection has been found to be 5 ng. Enzyme-inhibition 
thin-layer chromatography (198) has been used for the 
(46) 
determination of insecticide fume residues. The 
insecticides, carbaryl, dichlorvos and malathion have been 
applied to pines by fuming and the distribution of the 
insecticide residues has been examined by silica gel G TLC 
using h€2xane-ethyl acetate as a mobile phase, and esterase 
inhibition detection. Systemic TLC procedure (199, 200) on 
silica gel G and silufol UV„ layers has been developed for 
the separation of multiclass, multiresidues mixtures into 
groups and within groups with one and two dimensional 
development. 
2.3 CONCLUSION 
Planar chromatographic methods are simple, rapid and 
inexpensive and have been used for detection, separation and 
determination of pesticide residues and their metabolites. 
(47) 
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TLC is used for the qualitative and quantitative analysis of 
a wide variety of compounds (1). Pandelikar et al, (2) have 
developed a NPTLC procedure for the detection of carbaryl at 
trace level in biological fluid. Srivastava and Reena (3) 
have developed a suitable NPTLC scheme for the separation of 
carbaryl, bendiocarb, carbofuran, baygon, ziram, zineb, 
aldicarb, MIPC and BPMC on plates coated with silica gel 
containing 1% zinc acetate using benzene:ethyl acetate 
(50:10) as the solvent. Residues of carbofuran and its two 
carbamate metabolites have been extracted with hydrochloric 
acid partitioned into dichloromethane chromatographed on 
silica geJ. and detected with KOH/p-nitrobenzenediazonium 
fluoroborate (4).., 
Our previous work shows that papers impregnated with 
ion-pair reagent or reversed-phase reagent have been used 
for the separation of herbicides and plant growth regulators 
(5). NPTLC and STLC has been used for the detection and 
determination of carbaryl in water (6,7). In continuation 
to our previous work now the chromatographic behaviour of 
carbamate pesticides and related compounds has been examined 
on thin-layers of alumina, barium sulphate, calcium 
carbonate, calcium phosphate, calcium sulphate, cellulose 
(61) 




A stahl apparatus with a universal applicator (thickness of 
the applied layers adjustable from 0.25-2.00 mm), glass 
plates (20 x 4 cm), glass jars (25 x 5 cm), hot air drier, 
temperature controlled electric oven (Tempo, India), 
spectrophotometer (Baush and Lomb Spectronic-20), electrical 
hot plate with magnetic stirrer (Sunvic, U.K.), micropipette 
(10-100 vil, Gilson, France) etc. were used. 
3.2.2 MATERIALS AND CHEMICALS 
Aluminium hydroxide gel (Qualigens, India), barium sulphate 
(Ranbaxy, India), calcium carbonate and calcium phosphate LR 
(GSC, India), calcium sulphate dihydrate (Merck, India), 
cellulose microcrystalline LR (CDH, India) and silica gel G 
(Merck, India), carbaryl 50% WP (Paushak Ltd., India),' 
carbofuran 3% GR (Pesticides, India), propoxur 1% W/W 
(Bayer, India), bavistin 50% WP (BASF, India Ltd.), phenol, 
p-chlorophenol LR (BDH, India), o-nitrophenol LR (CDH, 
India), a-naphthol and p-naphthol AR (CDH, India), 
4-nitrobenzenediazoniumtetrafluoroborate (Merck, India), 
(62) 
potassium hydroxide LR (CDH, India), sulphanilic acid, 
sodium nitrite AR (CDH, India) and sodium hydroxide LR 
(Qualigens, India) were used and all other reagents used 
were of analytical grade. 
3.2.3 PREPARATION OF SOLUTIONS 
Solutions (1%) of carbaryl, carbendazim, carbofuran, 
propoxur, phenol, 4-chlorophenol, o-nitrophenol, a-naphthol 
and p-naphthol were prepared in ethanol while 
4-nitroben2enediazoniumtetrafluoroborate (0.1%) was prepared 
in acetone, Methanolic potassium hydroxide (1%), and aqueous 
solutions of sodium nitrite (0.3%) and sodium hydroxide 
(16%) were used. Sulphanilic acid (0.2%) solution was 
prepared in 10% hydrochloric acid. When 1% solution of 
pesticide was not possible to prepare, the saturated 
solution was used. 
3.2.4 PREPARATION OF PLATES 
The following slurries were applied on the glass plates with 
the help of applicator so that the thickness of the coating 
would be 0.5 mm. 
1. Aluminium hydroxide Gel (30g) in DW (100ml) 
2. Barium sulphate (30g) in DW (60ml) 
3. Calcium carbonate (25g) in DW (60ml) 
4. Calcium phosphate (40g) in DW (60ml) 
(63) 
5. Calcium sulphate (30g) in DW (70ml) 
6. Microcrystalline cellulose (20g) in DW (75ml) 
7. Silica gel G (25g) in DW (65ml). 
The plates were first allowed to dry at room temperature and 
then in an oven at 110°C for h hr for cellulose coating and 
1 hr for the other coatings for activation. 
3-2.5 SPOTTING OF TEST SOLUTIONS 
Test solutions were applied on TLC plates with a fine 
capillary or micropipette. After drying at room 
temperature, the plates were developed to a distance of 10cm 
with a suitable mobile phase. The solvents investigated are 
hexane, 1,4-dioxan, carbon tetrachloride, benzene, 
chloroform, chlorobenzene, ethyl acetate, acetone, ethanol, 
methanol, nitrobenzene and distilled water and their 
dielectric constants (8) are given in Table 3.1 
(64) 
TABLE 3.1 SOLVENTS USED AS THE MOBILE PHASES 
Solvent Dielectric constant 
Hexane 1.890 
1,4-Dioxan 2.209 













Distilled water 78.540 
(65) 
3-2.6 VISUALISATION OF CHROMATOGRAMS 
The carbamate and phenols were detected on TLC plates by the 
following procedure: Potassium hydroxide solution was 
sprayed first on the TLC plates and then the plates were 
sprayed by p-nitrobenzenediazoniumtetrafluoroborate 
solution. Spots of different colours on white back ground 
were observed for all the compounds. The colour of the 
spots for different compounds under study are given in Table 
3.2 
3.2.7 RECORDING OF R^ VALUES 
For tailing spots, the front limit (RI) and the rear limit 
(RT) were measured and R values were calculated by the 
m 
following expression 
„ Average of RL and R^ (cm) 
^ Distance travelled by solvent front (10cm) 
For compact spots R^ values were calculated in the 
conventional manner (5), i.e. 
P _ Distance travelled by solute front (cm) 
f Distance travelled by solvent front (10cm] 
(66) 




















3.2.8 QUALITATIVE SEPARATIONS 
To achieve the separation of pesticides, one of the 
compounds was spotted, the solvent was removed, the second 
compound was spotted, the solvent was removed again, then 
the plate was developed, dried and pesticides were located 
as above. 
(67) 
3.2.9 QUANTITATIVE SEPARATIONS 
The pesticides solutions were spotted on fresh plates, 
solvent was removed and plates were developed as above. The 
previously demarcated area of the plate for carbaryl was 
scratched off, carbaryl was extracted with methanol (5 ml) 
and determined by the following procedure (9). 
3.2.9.1 Spectrophotometric Determination of Carbaryl 
In carbaryl extract (5 ml), 10 ml of DW, 2 ml each of sodium 
nitrite and sulphanilic acid solutions were added into a 50 
ml standard flask. After 10 min, 5 ml of 16% sodium 
hydroxide were added and the solution was made upto the mark 
with DW and mixed thoroughly. The absorbance was recorded 
after 10 min against a blank at 520 nm. The blank was 
prepared by mixing all the reagents except carbaryl by using 
the above procedure. 
3.3 RESULTS 
Plots of R^ values versus dielectric constant of the 
solvents used are shown in Figures 3.1 - 3.7. The 
separations achieved are recorded in Tables 3.3 - 3.9. 
Photographs of some analytical results of the quantitative 
separations are summarized in Table 3.10. Time required for 
developing the chromatograms of different coatings are given 
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statistical analysis of spectrophotometric data was computed 
using the following expression: 
(x^-Vi)^ + (x^-p)^ + (x3-jLi)^  +, 
N-1 
C.V. = a X 100 
where a = Standard deviation, x, , x„, s^, = 
measured values jj = average value N = number of sets 
C.V. = coefficient of variation 
3.4 DISCUSSION 
Figures 3.1 - 3.7 show that amongst the seven adsorbents 
under study aluminium hydroxide Gel possesses a critical 
separation potential i.e. the pattern of R^ values is 
entirely different in this case than those on barium 
sulphate, calcium carbonate, calcium phosphate and calcium 
sulphate. TLC behvaiour of silica gel G, cellulose and 
aluminium hydroxide Gel is almost similar, the degree of 
polarity of the adsorbents may be responsible for this 
deviation. Tables 3.3 - 3.9 show that several separations 
can be achieved on these adsorbents. The definite size and 
shape of the spots obtained on TLC plates are shown in 
Figure 3.8. The analytical data recorded in Table 3.10 show 
(88) 
that cellulose is a good TLC material for clean-up and 
separation of carbaryl from other materials. TLC detection 
on cellulose was found to be highly sensitive than that on 
other adsorbents. Table 3.11 shows that the development is 
fast on cellulose (10 min ) while very slow on barium 
sulphate (1020 min ) in carbon tetrachloride. The sequence 
of development time of different adsorbents is the 
following: cellulose < calcium sulphate < calcium phosphate < 
calcium carbonate < silica gel G < aluminium hydroxide Gel < 
barium sulphate while the sequence of development in 
different solvents is the following: acetone< ethyl acetate< 
DW <benzene< chloroform< carbon tetrachloridei ethanol. The 
literature survey shows that barium sulphate, calcium 
sulphate, calcium phosphate and cellulose are the new TLC 
materials for carbamate pesticides and they have a good 
analytical potential. 
3.5 CONCLUSION 
The above work shows that layers of aluminium hydroxide gel, 
barium sulphate, calcium carbonate, calcium phosphate, 
calcium sulphate, cellulose and silica gel G have good 
analytical potential for the separation of carbamate 
pesticides and related compounds. 
(89) 
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CHARACTERISTICS OF CALCIUM SULPHATE AS A TLC 
MATERIAL FOR THE SEPARATION OF CARBOXYLIC ACID 
HERBICIDES AND PLANT GROWTH REGULATORS 
4.1 INTRODUCTION 
Literature shows that several papers were devoted to 
separate pesticides on silica gel layers (1). Carboxylic 
herbicides have been separated by TLC on silufol (2,3), or a 
2:3 mixture of silica gel and Kieselguhr (2) and 
preadsorbent silica gel layers (4) impregnated with AgNO 
In comparison to other adsorbents calcium sulphate is less 
familiar. Recently it has been used for separating a wide 
variety of compounds. Rathore et al. (5,6) have used TLC 
plates coated with admixtures of CaSO.-BaSO and layers 
impregnated with coconut oil for the separation of 
herbicides and related compounds. They (7) have used 
silica gel layers for the separation of the above 
pesticides. 
Majority of papers have been published on conventional, 
ascending development of layers with binary and ternary 
organic or organic-aqueous mobile phases. Few papers 
appeared on other development modes. 
Abou-Donia and Komeil (8) have claimed that the newly 
developed sequential thin layer chromatography is a rapid 
and fast method of analysis for complex mixtures. 2DTLC has 
been used for the determination of insecticides, acaricides 
and fungicides in fresh and processed apples on silica gel G 
TLC using cyclohexane : acetone (10:1) and light petroleum 
(92) 
ether:benzene:ethanol (65:30:5) as the mobile phases and 
detection has been carried out by inspection under UV light 
and bromophenol blue reagent (9). Lewis and Wilson (10) have 
studied organic acids by IPRPTLC on both paraffin-coated and 
C-, bonded silica gel plates using six ion-pair reagents. 
Therefore, in order to explore the full utility of calcium 
sulphate as a TLC material, now the calcium sulphate and its 
admixtures have been investigated thoroughly by using NPTLC, 
2DTLC, STLC and IPRPTLC for the detection and separation of 
carboxylic acid herbicides and plant growth regulators. The 
results obtained are presented in this chapter. 
4.2. EXPERIMENTAL 
4.2.1 APPARATUS 
A stahl apparatus with a universal applicator (adjustable 
tnickness of the applied layer from 0.0-2.0 mm), glass 
plates (20 x 4 cm), glass jars (25 x 5 cm), temperature 
controlled electric oven (Tempo, India) and ASTM standard 
test sieves were used. 
4.2.2 REAGENTS AND CHEMICALS 
Aluminium hydroxide gel (CDH, India), calcium carbonate and 
calcium citrate (GSC, India), calcium sulphate dihydrate 
(Merk, India), lead sulphate (CDH, India), sodium oxalate 
and titanium oxide (GSC, India) were used. 
(93) 
nerbicides and plant growth regulators used were from sigma 
(USA) and all other reagents used were of analytical grade. 
4.2.3 PREPARATION OF SOLUTIONS 
Solutions (2%) of carboxylic acid herbicides and plant 
growth regulators and bromophenol blue (0.1%) were prepared 
in ethanol. 
4.2.4 PREPARATION OF PLATES 
A slurry consisting of calcium sulphate (30 g) and distilled 
water (60 ml) was applied on the glass plates with the h$lp 
of the applicator so that the thickness of the slurry would 
be 0.5 mm (Cl). The plates were first allowed to dry at 
room temperature (30°C) and then in a temperature controlled 
electric oven at 110°C for 1 hr for activation. 
The following coating's were also prepared by using the above 
procedure: 
Cl = Case (40 g 
C2 = Case (40 g 
C3 = CaSO^ (40 g 
C4 = CaSO. (40 g 
C5 = CaSO^ (40 g 
C6 = CaSO^ (40 g 
C7 = CaSO^ (40 g 
+ Distilled water (DW) (75 ml 
+ Al(OH) (0.2 g) + DW (80 ml) 
+ Al(OH) (0.4 g) + DW (90 ml) 
+ AKOH)^ (0.8 g) + DW (95 ml) 
+ Al(OH)^ (2.0 g) + DW (100 ml) 
+ CaC03 (0.2 g) + DW (80 ml) 
+ CaCO (0.4 g) + DW (90 ml) 
(94) 
C8 = CaSO^ (40 g) + CaCO (0.8 g) + DW (90 ml) 
C9 = CaSO^ (40 g) + CaCO^ (2.0 g) + DW (95 ml) 
CIO - CaSO^ (40 g) + PbSO^ (0.2 g) + DW (90 ml) 
Cll = CaSO^ (40 g) + PbSO^ (2.0 g) + DW (95 ml) 
C12 - CaSO^ (40 g) + PbSO^ (8.0 g) + DW (100 ml) 
C13 = CaSO^ (40 g) + PbSO^ (12.Og) + DW (110 ml) 
C14 - CaSO^ (40 g) + Tio^ (0.2 g) + DW (90 ml) 
CIS = CaSO^ (40 g) + Tio^ (2.0 g) + DW (95 ml) 
C16 = CaSO^ (40 g) + Tio^ (8.0 g) + DW (100 ml) 
C17 - CaSO^ (40 g) + Tio^ (12.0 g) + DW (105 ml) 
C18 = CaSO^ (40 g) + C-^^E-^^Ca^O^. 4H^^ (0.3 g) + DW (90ml) 
C19 = CaSO^ (40 g) + C-^2"i2^^3°4 • "^ 2^° ^^'^ ^^ ^ ^^ (90ml) 
C20 = CaSO^ (40 g) + C-^^E^^Ca^0^.4H^0 (8.0 g) + DW (100ml) 
C21 = CaSO^ (40 g) + C^2"l0^^3°4 • "^ 2^° ^^^.Og) + DW (105ml) 
C22 = CaSO^ (40 g) + p-DAB (0.2 g) + DW (80 ml) 
C23 = CaSO^ (40 g) + fly ash (0.4 g) + DW (85 ml) 
C24 = CaSO^ (40 g) + charcoal (2.0 g) + DW (85 ml) 
C25 = CaSO^ (40 g) + ZnO (0.4 g) + DW (95 ml) 
C26 = CaSO (40 g) + MgSO (0.4 g) + DW (100 ml) 
C27 = BaSO, (40 g) + DW (80 ml) 
C28 - CaSO (40 g) + BaSO (12 g) + DW (100 ml) 
C29 = CaSO. (40 g) + BaSO^ (40 g) + DW (130 ml) 
C30 =^  CaSO (40 g) + alumina (neutral) (0.4 g) + DW (80ml) 
C31 = CaSO. (30 g) + 1% ethanolic solution of cetrimide 
(5 ml) + coconut oil (2 ml) + DW (70 ml) 
C32 = CaSO. (30 g) + 1% ethanolic solution of cetrimide 
(5 ml) + olive oil (2 ml) + DW (70 ml) 
(95) 
C33 = CaSO. (30 g) + 1% ethanolic solution of cetrimide 
(5 ml) + paraffin oil (2 ml) + DW (70 ml) 
C34 = CaSO^ (30 g) + 1% ethanolic solution of cetrimide 
(5 ml) + silicone oil (2 ml) + DW (70 ml) 
4.2.5 DEVELOPMENT OF PLATES 
Test solutions were spotted onto the plates with the help of 
a fine capillary. The solvent was removed by hot-air drying; 
the plates were developed to 10 cm for NPTLC, IPRPTLC and 
2DTLC, but in case of 2DTLC, the plates were first developed 
in a suitable solvent, the solvent was removed at room 
temperature and then they were developed again in one more 
solvent.. The ascending direction of the second solvent was 
arranged perpendicular to that of the first solvent; In case 
of STLC, the plate was developed upto a length of 5 cm m 
the first solvent, the plate was taken out of the jar, the 
solvent was removed as above, ana che place was then 
developed to 10 cm in the second solvent. The second solvent 
was also removed and then spot was located wich the 
bromophenol blue (0.1%; spray solution. 
4.2.6 RECORDING OF R^ VALUES 
For tailing spots, the front limit (RI) and the rear limit 
(RT) were measured while for compact spots R^ values and for 
tailing spots R values were calculated by the expression 
given in chapter 3. 
(96) 
4.2.7 QUALITATIVE SEPARATIONS 
To achieve the separation of pesticides, one of the 
compounds was spotted, the solvent was removed, the second 
compound was spotted, the solvent was removed again, then 
the plate was developed, dried and the pesticides were 
located as above. 
4.3 RESULTS 
Plots of Rj- and R values versus different coatinqs are t m ^ 
shown in Figures 4.1-4.10. The separations achieved by 
NPTLC, 2DTLC, STLC and IPRPTLC are given in Tables 4.1.-4.8. 
Physical constants and R^ values of some carboxylic acid' 
herbicides and plant growth regulators are given in Table 
4.9. 
4.4 DISCUSSION 
Figures 4.1-4.10 show that R^ or R values decreases as the 
^ f m 
percentage of calcium sulphate in the admixtures 
decreases.The decrease in R^ or R values in various 
coatings is in the following order. 
Calcium sulphate + aluminium hydroxide gel > calcium sulphate 
+ calcium carbonate > calcium sulphate + lead sulphate > 
calcium sulphate + titanium oxide > calcium sulphate + 
calcium citrate. It is also clear that separations can be 
(97) 
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TABLE 4.2 TERNARY SEPARATION ACHIEVED ON CALCIUM SULPHATE BY 
2DTLC 
Compounds Separated from Solvent system 
CINA (0,1) TCA (1,1); and CA (1,0), GA Benzene and 
(1,0), MA (1,0) and TA (1,0) distilled water 
CINA (0,1) 2,4-D (1,1); and CA (1,0), GA -do-
(1,0) and MA (1,0) 
p-NPA (0,1) TCA (1,1); and CA (1,0), GA -do-
(1,0), MA (1,0) and OA (1,0) 
p-NPA (0,1) 2,4-D (1,1); and CA (1,0), GA -do-
(1,0), MA (1,0) and OA (1,0) 
PXA (1,1) lAA (0,1); and CA (1,0), 2,4-D -do-
(1,0), GA (1,0), MA (1,0), OA (1,0) 
and TA (1,0) 
TCA (1,1) lAA (0,1); and BA (1,0), CA (1,0), -do-
GA (1,0), MA (1,0), OA (1,0) and 
TA (1,0) 
PXA (1,1) p-NPA (0,1); and BA (1,0), CA -do-
(1,0), GA (1,0), MA (1,0) and 
OA (1,0) 
TCA (1,1) p-NPA (0,1); and BA (1,0), CA -do-
(1,0), GA (1,0), MA (1,0), OA 
(1,0) and TA (1,0) 
PXA (1,1) p-NPXA (0,1); and BA (1,0), CA -do-
(1,0), GA (1,0), MA (1,0), OA (1,0) 
and TA (1,0) 
TCA (1,1) p-NPXA (0,1); and BA (1,0), CA (1,0) -do-
GA (1,0), MA (1,0), OA (1,0) and 
TA (1,0) 
NOTE: R^ values are given in parentheses. See footnote of 
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rapidly achieved in ethyl acetate than in ethanol, as the 
development time of Cl in these solvents is 15 min and 35 
min respectively. 
Tables 4.1-4.8 show that many separations which are not 
possible on plates coated with CaSO. alone can be achieved 
on its admixtures by NPTLC, 2DTLC, STLC and IPRPTLC. Many 
binary, ternary and quaternary separations are possible by 
the above TLC techniques. 
Compounds such as cinnamic and a-naphthalene"acetic acids of 
low solubility (0.1 g/lOO ml of water) have R^ values 0.0 
while compounds such as benzoic, citric, maleic, oxalic, 
tartaric and trichloroacetic acids of comparatively high 
solubility (0.2 g/100 ml of water) have R_p value 1.0 on 
calcium sulphate in water. It shows that partition plays a 
major role than that of adsorption, ion-exchange and 
diffusion in separation potential of calcium sulphate. The 
partition based mainly on coordination bonds association of 
dipoles and the solubility of the test material in the 
solvent system used for developing the chromatogram. 
4.5 CONCLUSION 
Calcium sulphate is a promising chromatographic adsorbent 
for the separation of carboxylic acid herbicides. 
(123) 
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CHAPTER 5 
CHROMATOGRAPHIC BEHAVIOUR OF SOME CARBOXYLIC ACID 
HERBICIDES AND PLANT GROWTH REGULATORS ON 
IMPREGNATED PAPERS 
5.1 INTRODUCTION 
Our previous work (1) shows that the papers impregnated with 
calcium carbonate and calcium sulphate have good separation 
potentials for organic acids: di-tricarboxylic acids, amino 
acids, keto acids and their derivatives. These organic 
acids have been separated by electrophoresis on papers 
impregnated with calcium sulphate (2). The papers 
impregnated with hydroxides of aluminium and cadmium have 
been used for the separation of organic acids such as 
benzoic, citric, gallic, nitrobenzoic, quinic and tartaric 
acids. Pain and Pal (4) have used paper chromatography for 
separation of lAA from honey in propanol:ammonium 
hydroxide:water (10:1:1) or ethanol (70%). 
Therefore, in continuation to our previous work now the 
separation potential of IPPC, RPPC and IPRPPC is 
evaJ.uated. The data obtained are compared with those of 
NPPC, NPTLC (5,6) and IPRPTLC (6). The result of such a 
study are described in this chapter. 
5.2 EXPERIMENTAL 
5.2.1 APPARATUS 
Glass jars (25 x 5 cm), densitometer (Systronics 201), 
micropipetts (0-100 pi) (Gilson, France), watch glasses, 
and temperature controlled electric oven were used. 
(126) 
5.2.2 MATERIALS AND CHEMICALS 
Whatman No. 1 chromatographic paper strips (15 x 3.5 cm), benzene 
(Qualigens, India), bromophenol blue, herbicides and plant growth 
regulators (Sigma, U.S.A.), paraffin oil (Arora Pharmaceucicals) , 
cetrimide (Shalaks Chemicals) and TCA (CDH, India) were used. All 
other chemicals used were of analytical grade. 
5.2.3 PREPARATION OF SOLUTIONS 
Solutions (2%) of herbicides, plant growth regulators and 
cetrimide were prepared in ethanol. Liquid paraffin solution 
(2%) was prepared m benzene. 
5.2.4 PREPARATION OF IMPREGNATED PAPERS 
Paper strips were dipped in liquid paraffin for RPPC or cetrimide 
solution for IPPC for 30 sec. The solution was drained off ana 
the scrips were placed on a filter papers saeet. The strips were 
driea ac room temperature and then in an oven at 50°C for lU mm. 
Tne dried strips were collected m a polythene bag and scored at 
room temperature. Now the strips were ready for use. iPRPPC 
strips were first dipped in liquid paraffin solution, aried at 
room temperature, impregnated with cetrimide solution, dried at 
room temperature (30"C) and at 50°C in an oven,and then scored as 
(127) 
above. They were also prepared by impregnating strips first 
with cetrimide solution and then with liquid paraffin 
solution. 
5.2.5 SPOTTING OF TEST SOLUTIONS 
Test solutions were spotted on the paper strips with a fine 
capillary or micropipette. The spots were dried at room 
temperature, and then strips were developed upto the length 
of 10 cm in a suitable solvent. 
For tailing'spots, the front limit (RI) and the rear limit 
(RT) were measured while for compact spots R^ values and for 
tailing spots R values were calculated by the expression 
given in chapter 3. 
5.2.6 VISUALIZATION OF CHROMATOGRAMS 
The herbicides and plant growth regulators were visualized 
by spraying the paper strips with an ethanolic solution of 
bromophenol blue (0.1%). 
5 . 2 . 7 QU;^iqTITATIVE DETERMINATION BY DENSITOMETER 
The standard solution of TCA 5,10,15 and 20 ]il of 2% was 
spotted on the impregnated paper strips, solvent was removed 
strips were developed and the spots were located as above. 
The per cent transmittance (%T) of the coloured spots was 
(128) • 
read by the following procedure: The impregnated strip was 
mounted on the glass plate and placed in a carriage of the 
densitometer. The carriage was inserted in the slot till the 
geared rack engaged the pinion side. The % T with green 
filter was recorded by advancing the carriage mm by mm A 
graph was made by plotting scale reading versus % T. The 
area of the peaks observed in the graph was measured. 
A caliberation curve was made by plotting volumes (yl) of 
standard TCA solution versus area of the peaks to determine 
the concentration of the unknown sample. 
5.3 RESULTS 
The plots of R^ values versus dielectric constant of the 
solvents and R^ values versus composition of solvents are 
given in figures 5.1, 5.2 and 5.3 respectively. R^ values 
obtained on NPPC are recorded in Table 5.1. The separations 
achieved are summarized in Table 5.2. 
The analytical parameters of densitometric determination of 
TCA computed by the procedure described in Chapter 3 and 
they are given in Table 5.3 
Abbreviations used are 
BA = benzoic acid, CPXA = 4-chlorophenoxyacetic acid, 
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GA = gallic acid, lAA = indole-3-acetic acid, IPA = 
indole-3-propionic acid, a-NPA = a-naphthaleneacetic acid, 
p-NPA = p-naphthaleneacetic acid, p-NPXA - p-naphthoxyacetic 
acid, PXA = phenoxyacetic acid, TCA = trichloroacetic acid 
and 2,4,5-T - 2,4,5-trichlorophenoxyacetic acid were 
chromatographed in solvents: 1,4-dioxan, carbon 
tetrachloride, benzene, chloroform, chlorobenzene, ethyl 
acetate, pyridine, butan-2-ol, acetophenon, propan-2-ol, 
acetone, ethanol, methanol, nitrobenzene and distilled water 
(DW). The dielectric constant of the solvents are recorded in 
table 3.1 of chapter 3. 
5.4 DISCUSSION 
The results obtained (Figures 5.1 - 5.3) show that the 
mobility (R^ values) of the com.pounds under study is not 
totally governed by the dielectric constant of the solvents 
used as developers. The low dielectric constants (1-20) of 
developers seem to be more effective because many 
separations are possible in these developers. The 
chromatographic behaviour of treated and untreated paper 
strips is the same. There are slight changes in the 
mobility of DP and TCA i.e. R^ values on IPPC are lower than 
those on NPPC, The results recorded in Table 5.1 show that 
in most of the cases R^ values on NPPC increase with 
increasing solubility of the solute in the developer. The 
separations such as BA and p-NPA from GA and lAA; TCA from 
(138) 
a-NPA, ]3-NPXA and lAA; a-NPA from GA have been achieved in 
benzene, chloroform, DW, ethanol, nitrobenzene, propanol on 
NPPC as well as on NPTLC (Table 5.2) while separations (6) 
such as ^-NPXA from 2,4-D, lAA and PXA; 2,4,5-T from 2,4-D 
and PXA achieved on IPRPTLC but they are not possible on PC. 
Thus the IPPC and RPPC are not so effective as IPTLC and 
RPTLC. Table 5.3 shows the result of quantitative 
separation of TCA from 2,4-D and 2,4,5-T by IPRPPC. 
5-5 CONCLUSION 
PC can be used as a simple, rapid and inexpensive technique 
for the separation of carboxylic acid herbicides and plant 
growth regulators. 
REFERENCES 
1. H.S. Rathore, S.K. Sharma and K. Kumari, Anal. Letts, L4 
(1981) 1327. 
2. H.S. Rathore, and K. Kumari, Anal. Letts, 1^ (1982) 873. 
3. H.S. Rathaore, K. Kumari and M. Garg, J. Liq. 
Chromatogr. 6 (1983) 973. 
4. S.K. Pain and S. Pal, Indian Biol, 12_ (1980) 36: Chem. 
Abstr. 94 (1981) 190398x. 
5. H.S. Rathore, S.K. Saxena and R. Sharma, J. Planar 
Chromatogr. -Mod. TLC, 3_ (1990) 251. 
6. H.S. Rathore, I. Ali, S. Gupta and T. Begum, J. Planar 
Chromatogr. -Mod.TLC, 2 (1989) 119. 
7. The Merck Index, ninth edition, (1976). 
8. The Agrochemical handbook. Royal Society of Chemistry, 
. (1983) . 
(139) 
CHAPTER 5 
CHROMATOGRAPHIC BEHAVIOUR OF SOME AGRO COMPOUNDS 
ON LEACHED FLY ASH. 
6.1 INTRODUCTION 
Fly ash is one of the solid industrial waste produced in 
huge quantity at thermal power stations. Fly ash obtained 
from thermal power station Kasimpur, India consists 
predominantly of quartz with alumina, silica, coesite and 
unburnt carbon (1). It has also been reported (2,3) that 
Ag, Al, As, B, Ba, Be, Bi, Cd, Co, Cr, Cu, F, Hg, Mn, iMo, 
Ni, Pb, Sb, Sn, Ti, V, W and Zn are present in it. Several 
mutagenic nitro-organic compounds (4), polycyclic aromatic 
hydrocarbons (5,6) and dibenzofuran and dibenzo-p-dioxin 
mixtures (7) have also been found in fly ash. 
Efforts have been made to use fly ash for the preparation of 
cement (8), Ceramic tiles (9), fertilizers (10), liming of 
acid soils (11), the strenghthening of soils (12), waste 
water treatment (13). 
Leaching of fly ash (14) with various reagents by different 
procedures has been performed for studying its stability, 
chemical composition, and adsorption-desorption 
characteristics. For example release of As (and several 
other elements) from fly ash into water largely depends on 
the quantity and contact period of the solvent used, pH, the 
chemical form of the element and the physico-chemical 
properties of the water (15,16). Several types of fly ash 
have been leached with sulphuric acid and the solubility 
behaviour of major ash component has been examined (17) 
(141) 
The previous publications from this laboratory (18,1) show 
that fly ash absorbs carboxylic compounds and hence, can be 
used for their removal from water. The fly ash impregnated 
with hydroxides of Al, Cd, Cu, Fe and Ni has also been used 
for the removal of cinnamic, indole-3-acetic, p-naphthalene 
acetic, p-naphthoxyacetic, oxalic and trichloroacetic acids 
from water. 
Therefore, in continuation to our previous work the 
chromatographic behaviour of eleven carboxylic 
agro compounds on fresh and leached fly ash in different 




A Stahl apparatus with a universal applicator (adjustable 
thickness of the applied layer from (0.25 - 2.00 mm), hot 
air drier, glass plates (20 x 4 cm), glass jars (25 x 5 cm), 
micropipette (10-100 }il, Gilson, France). Temperature 
coantrolled electric oven, centrifuge machine, magnetic 
stirrer, Bausch and Lomb Spectronic - 20 and ASTM standard 
test sieves were used. 
(142) 
6.2.2 M;>LTERIALS AND CHEMICALS 
Carboxylic acid herbicides and plant growth regulators 
(Sigma, USA), and fly ash (100-200 mesh) from Russian plant 
(thermal power station, Kasimpur, India) were used. All 
other reagents used were of analytical grade. 
6.2.3 PREPARATION OF SOLUTIONS 
Solutions (2%) of herbicides and plant growth regulators 
were prepared in ethanol. Solution (5%) of TCA was 
prepared in DW. 
For spectrophotometric determination of indole-3-acetic 
acid, freshly prepared reagent obtained by mixing 1 ml 
ferric chloride (0.5 M) in 50 ml of perchloric acid (35 %, 
v/v) was used. 
6.2.4 LEACHING OF FLY ASH 
A portion of fly ash (40 g) and leaching reagent (100 ml) 
were taken in a beaker (250 ml capacity) and the system was 
kept on magnetic plate with occassional shaking at room 
temperature (30°C) for 24 hr. The leaching reagent was 
removed by decantation, the fly ash so obtained was washed 
several times with distilled water in order to remove traces 
of the reagent, dried at room temperature and then the fly 
ash was ready for chromatographic studies. The fly ash 
(143) 
sample was leached with acetic acid (O.lN), benzene, DW, 
ethanol, hydrochloric acid (O.lN), sulphuric acid (O.lN) 
sodium carbonate (O.lNjand sodium hydroxide (O.lN). 
6.2.5 PREPARATION OF PLATES 
A slurry obtained by mixing fly ash (75%) and calcium 
sulphate (25%) with distilled water (DW) was applied on the 
glass plates with the help of an applicator so that the 
thickness of the coating would be 0.5 mm. The plates were 
first allowed to dry at room temperature (30°C) and then in 
a temperature controlled electric oven at 110°C for 1 hr 
before use for activation. 
6.2.6 SPOTTING OF TEST SOLUTIONS 
Test solutions were spotted onto the plates with a fine 
capillary. For determination purpose, 0.02 ml of O.OIN lAA 
and varying amount of GA and OA were applied on plate, the 
solvent was removed, and then plates were developed. 
6.2.7 VISUALISATION OF CHROMATOGRAMS 
The carboxylic acid herbicides and plant growth regulators 
were visualized as yellow spots on blue back ground by 
spraying bromophenol blue solution (0.1%). 
(144) 
6.2.8 RECORDING OF R^ VALUES 
For tailing, the front limit (HI) and the rear limit (RT) 
were measured while for compact spots R^ values were 
calculated by the expression given in Chapter 3. 
6.2.9 QUANTITATIVE SEPARATION OF lAA 
A known volume of the test solution of lAA was spotted on 
the plate with the help of a micropipette, the solvent was 
removed, plates were developed as above. Previously 
indicated portion of the coating for lAA was scratched out, 
lAA was extracted with ethanol (3ml) and the solid was 
removed by centrifugation. The lAA in the centrifugate was 
determined spectrophotometrically by the following procedure 
(19) 
In lAA extract (3 ml), freshly prepared reagent (2 ml) was 
rapidly added dropwise with continuous agitation. The sample 
was incubated in dark for 1 hr for colour development. 
Finally the absorbance was measured at 510 nm against a 
blank containing ethanol (3 ml) and the reagent (2 ml). 
6.3 RESULTS 
R^ values of carboxylic acid herbicides and plant growth 
regulators on leached fly ash are given in Tables 6.1-6.6. 
Some important separations achieved are recorded in 
Table 6.7. The results of quantitative separations are given 
in Table 6.8. The analytical parameters of quantitative sep-
arations are calculated by using the expressions given in 
Chaoter 3. l ^ A c \ 
TABLE 6.1 BEHAVIOUR OF SOME CARBOXYLIC ACID HERBICIDES ON 
FLY ASH LEACHED WITH DIFFERENT SOLUTIONS USING 
BENZENE AS A MOBILE PHASE. 
FA Samples Fl F2 F3 F4 F5 F6 
Compounds 
CPXA 0.9 0.9 0-7.5 0.9 1.0 1.0 
2,4-D 1.0 1.0 1.0 1.0 1.0 1.0 
GA 0.0 0.0 0.0 0.0 0.0 0.0 
lAA 0-5 8-10 0-5 8-10 0-8 1.0 
IPA 1.0 0.9 1.0 0.9 1.0 1.0 
p-NPA 1.0 0.9 1.0 0.9 8-10 1.0 
p-NPXA 0.9 1.0 8-10 0.9 1.0 1.0 
OA 0.0 0.0 0.0 0.0 0.0 0.0 
PXA 0.9 0.9 0.9 0.9 0-10 1.0 
TCA 0.9 1.0 1.0 0.9 0-2 1.0 
2,4,6-T 1.0 0.9 1.0 0.9 1.0 1.0 
NOTE: R^ values or migration distances (cm) are given in 
parentheses 
Abbreviations used are CPXA = 4-chlorophenoxyacetic acid, 
2,4-D = 2,4-dichlorophenoxyacetic acid, GA = gallic acid, 
lAA = indole-3-acetic acid, IPA = indole-3-propionic acid, 
p-NPA = p-naphthaleneacetic acid, p-NPXA 
p-naphthoxyacetic acid, OA = oxalic acid, PXA = 
phenoxyacetic acid, TCA = trichloroacetic acid, 2,4,5-T = 
2,4,5-T trichlorophenoxyacetic acid, Fl = Fly ash leached 
with acetic acid, F2 = Fly ash leached with benzene, F3 = 
Fly ash leached with distilled water, F4 = Fly ash leached 
with ethanol, F5 = Fly ash leached with sulphuric 
acid/hydrochloric acid, F6 = Fly ash leached with sodium 
carbonate/sodium hydroxide,_ FA = Fly ash. 
(146) 
TABLE 6.2 BEHAVIOUR OF SOME CARBOXYLIC ACID HERBICIDES ON 
FLY ASH LEACHED WITH DIFFERENT SOLUTIONS USING 
CARBON TETRACHLORIDE AS A MOBILE PHASE. 
FA Samples Fl F2 F3 F4 F5 F6 
Compounds 
CPXA 0.0 0.0 0.0 0.0 0.0 0.0 
2,4-D 1.0 1.0 1.0 0.9 1.0 8-10 
GA 0.0 0.0 0.0 0.0 0.0 0.0 
lAA 0.0 0.0 0.0 0.0 0.0 0.0 
IPA 0.0 0.0 0.0 0.0 0.0 0.0 
.p-NPA 0.0 7-10 7-10 0.9 8-10 0.8 
p-NPXA 0.9 0.0 0.0 0.0 0.0 0.0 
OA 0.0 0.0 0.0 0.0 0.0 0.0 
PXA 0.8 0.8 7-10 0.75 0.75 0.75 
TCA 0.0 0-5 0-3.5 0-2 0.0 0-2 
2,4,5-T 0.0 0.0 0-5 0.0 0.0 0-2 
NOTE: R, values or migration distances (cm) are given in 
parentheses 
See footnote of Table 6.1 for abbreviations 
(147) 
TABLE 6.3 BEHAVIOUR OF SOME CARBOXYLIC ACID HERBICIDES ON 
FLY ASH LEACHED WITH DIFFERENT SOLUTIONS USING 
CHLOROFORM AS A MOBILE PHASE. 
FA Samples Fl F2 F3 F4 F5 F6 
Compounds 
CPXA 0.9 0.9 1.0 1.0 1.0 1.0 
2,4-D 1.0 1.0 0.9 1.0 8-10 1.0 
GA 0.0 0.0 0.0 0.0 0.0 0.0 
lAA 1.0 0-10 0-10 1.0 1.0 1.0 
IPA 1.0 0.9 7-10 1.0 1.0 1.0 
p-NPA 1.0 8-10 0.9 1.0 1.0 1.0 
p-NPXA 1.0 0.9 0.9 1.0 1.0 1.0 
OA 0.0 0.0 0.0 1.0 0.0 0.0 
PXA 1.0 0.9 1.0 1.0 8-10 1.0 
TCA 1.0 0.9 1.0 7-10 0.0 0-4 
2,4,5-T 1.0 1.0 1.0 1.0 1.0 1.0 
NOTE: R- values or migration distances (cm) are given in 
parentheses 
See footnote of Table 6.1 for abbreviations 
(148) 
TABLE 6.4 BEHAVIOUR OF SOME CARBOXYLIC ACID HERBICIDES ON 
FLY ASH LEACHED WITH DIFFERENT SOLUTIONS USING 
DISTILLED WATER AS A MOBILE PHASE. 
FA Samples Fl F2 F3 F4 F5 F6 
Compounds 
CPXA 0.0 0.0 0.0 0.0 0.0 0.0 
2,4-D 0.0 0.0 0.0 0.0 0.0 0.0 
GA 0.9 0.9 1.0 1.0 1.0 1.0 
lAA 0.0 0.0 0.0 0.0 0.0 0.0 
IPA 0.0 0.0 0.0 0.0 1.0 0.0 
p-NPA 0.0 0.0 0.0 0.0 0.0 0.0 
p-NPXA 0.0 0.0 0.0 0.0 0.0 0.0 
OA 1.0 1.0 1.0 1.0 1.0 1.0 
PXA 0.75 0.75 0.9 0.75 0.8 0.75 
TCA 0.9 0.0 1.0 1.0 1.0 1.0 
2,4,5-T 0.0 0.0 0.0 0.0 0.0 0.0 
NOTE: R^ values or migration distances (cm) are given in 
parentheses 
See footnote of Table 6.1 for abbreviations 
(149) 
TABLE 6.5 BEHAVIOUR OF SOME CARBOXYLIC ACID HERBICIDES ON 
FLY ASH LEACHED WITH DIFFERENT SOLUTIONS USING 
ETHYL ACETATE AS A MOBILE PHASE. 
FA Samples Fl F2 F3 F4 F5 F6 
Compounds 
CPXA 1.0 1.0 1.0 1.0 1.0 1.0 
2,4-D 1.0 1.0 1.0 1.0 1.0 1.0 
GA 1.0 ' 1.0 1.0 1.0 1.0 1.0 
lAA 1.0 1.0 1.0 1.0 1.0 1.0 
IPA 1.0 1.0 1.0 1.0 1.0 1-0 
p-NPA 1.0 1.0 1.0 1.0 1.0 1.0 
p-NPXA 1.0 1.0 1.0 1.0 1.0 1.0 
OA 0.0 0.0 0.0 0.0 0.0 0.0 
PXA 1.0 1.0 1.0 1.0 1.0 1.0 
TCA 1.0 1.0 1.0 1.0 1.0 1.0 
2,4,5-T 1.0 1.0 1.0 1.0 1.0 1.0 
NOTE: R^ values or migration distances (cm) are given in 
parentheses 
See footnote of Table 6.1 for abbreviations 
(150) 
TABLE 6.6 BEHAVIOUR OF SOME CARBOXYLIC ACID HERBICIDES ON 
FLY ASH LEACHED WITH DIFFERENT SOLUTIONS USING 
SODIUM CHLORIDE (1% aq.) ACETATE AS A MOBILE 
PHASE. 
FA Samples Fl F2 F3 F4 F5 F6 
Compounds 
CPXA 0.0 0.0 0.0 0.0 0.0 0.0 
2,4-D 0.0 0-4 0.0 0.0 0.0 0.0 
GA 1.0 1.0 1.0 0.9 1.0 1.0 
lAA 0.0 0.0 0.0 0.0 0.0 0.0 
IPA 0.0 0.0 0.0 0.0 1.0 0.0 
p-NPA 0.0 0.0 0.0 0.0 0.0 0.0 
p-NPXA 0.0 0.0 0.0 0.0 0.0 0.0 
OA 1.0 1.0 0.9 1.0 1.0 1.0 
PXA 0.9 0.75 1.0 0.75 0.8 0.75 
TCA 1.0 1.0 1.0 1.0 1.0 1.0 
2,4,5-T 0.0 0-4 0.0 0.0 0.0 0.0 
NOTE; R,. values or migration distances (cm) are given in 
parentheses 
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It is clear from the data that mobility of herbicides 
depends on the solvents used as developer as well as the 
reagent used for leaching the fly ash. For example 2,4,5-T 
has minimum mobility (R^ value 0.0) in distilled water, 
aqueous sodium chloride and carbon tetrachloride while it 
has maximum mobility (R^ value 0.8-1.0) in benzene and 
chloroform on all the samples (Fl, F2, F3, F4, F5 and F6). 
Tables 6.1 - 6.6 shows that mobility on samples; Fl, F2, F3, 
F4, F5 and F6 leached with acetic acid, benzene, distilled 
water, ethyl alcohol, sulphuric acid/hydrochloric acid and 
soidum hydroxide/sodium carbonate respectively have 
different R^ values of herbicides in the same solvent i.e 
lAA stand at the point of application (R value 0.0) on 
samples Fl, F3 and F5 while it has R^ values 1.0 on samples 
F2, F4 and F6 in benzene. Table 6.7 shows that 2,4-D, 
2,4,5-T, TCA can be separated from complex mixtures on fly 
ash coatings in simple solvents. The different composition 
of the leached fly ash and solubility may be responsible for 
differential retention of herbicides. The results recorded 
in Table 6.8 shows the analytical potential of fly ash in 
the area of quantitative analysis. The results discussed 
above may be helpful in understanding the interaction of 
herbicides with fly ash in different types of soil, 
(155) 
microbial activity (20; stabilization of soil (21) 
fertility of soil (22) growth and development of corn and 
soyabean seedlings (23) and liming of soil (11). At thermal 
power station Kasimpur (India) the fly ash is available from 
German, Japanese and Russian plants. The appearance, 
fineness and composition of the fly ash collected from the 
three plants was found to be different. The fly ash 
collected from Russian plant is powdery and free from 
unburnt carbon. Therefore it was selected for the above 
studies. 
6.5 CONCLUSION 
Fly ash is a cheaper TLC material than silica gel, 
Kiselghur, cellulose, calcium sulphate which is used as 
an adsorbent for detection and separation of carboxylic acid 
herbicides. 
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TABLE I 
AHBRF.VIAT10NS GL 3e 
Slulionarv pnu^a 
f' AcmixturL's ol' burium sulphate and calcium suinhjiL-
f- Admixtures ol silica gel and calcium sulphate 
P-' Alumina G 
P-' Aluminium oxide, silica gel KCK and Siluloi 
P? Aiuminium oxide 60 F ; , j (Tvpe E) 
Pft Barium sulphate 
P^ Calcium sulphate con taming ammonium moiybdate. aluminium oxide, calcium carbonate , copper sulphate. 
;ron(lin chloride, matinesium sulphate, phihaiic anhvdride and zinc oxide 
PX Ceiluiostf 
P^ Chromarods-A 
P!0 C . a n d C , , 
P! I C:. c.hen-.icaily bonded RP laver 
P!2 C,. SPE and silica KI 60 
^^iv'''-^ NC , rcversed-phase impreenaled wuh Brailon-Marshall reagent 
Pl-l .KieseigeinO, silica gel 60. Kieseiguhr F:,^, alummiu.T. oxide G. Polygram SILUV-^.^. Poiygramceil ."OOjr.c 
Siiulol ~^ 
PI 5 Poivamide 
PI6 Poi'.g.ram SILG UV_.,^ . 
P!~ Preadsorbed silica gel layers impregnated with silver nitrate 
Pl^ ."recoatcd plate CNF....s 
Piy RP-lS-Wlavers 
P:O Siiica gel 
P21 SiiicageiG 
P-- Silica gei-plasier of pans 
P2:- S;;icagci LS'40m 
P24 Siiica gel impregnated withcresoi (0.5°'o) 
P15 Siiica gel impregnated with metal ion or phenoi 
P26 Siiica sel containing zinc acetate (!% w/w) 
P27 Silica gel-KieseJEuhr (2:3) 
P2S Silica gci GF,j., 
P29 Silica gel impregnated wuh paralTin in hexane i5 ' ,i 
P30 Siiica gei impregnated with aiethylene glycol (20" ;> 
P.-l S:iic-a gei precoaied wuh tluore-scence indicator 
P32 SMca gel. .Merck No, 5721 
P23 Siiica gei impregnated with 2-diphenylacetsi-i.3-!:icandion-l-iininc 
P-4 Sijca gel SPF 
P?5 Silica gel 60 
P36 M.ica eel Sep-Pak or C. , preiwsorbcni TH riai': 
P ." Siiica ]^ei F,M,„ 
P:-8 Silica gci H F . 5 , 
P;9 SiiiCa acid-impregnaied glass-i'ibre sheets 
P-ll) Siiutoi 
P-ll Silui'oi V\':u 
P42 SiNer nitraie-impregnatcd .ilumina G 
P43 Sornil HPTLC plates, silica gei with silicic acio 
P44 Soi: 
P4s A-.aiman LKCul) c.Temicali\ bunded re%ersed-r".a5e plates 
\f,ioilc phiist'i 
51 Dic.-.ioromelhaiie-liept.me (2 "*l 
52 He\ane-bcnzcne i l l ) .ind hevane-dietlivl ether 11 '.) 
53 Acetoniinle-watcr |73:2."'l 
54 He\ane-<hlorotorm i6() 4(1) and hexane-benzene i45:.^5| 
Ss Actiomtrilc-waicr-.iminonia (4(V<)il) lolloped bv r,e\ane-dieihsl ether (90:10) 
/ / , .S, Raihiirc ami T lU'vvm .1 Chroniamvr. iini> l'^''f I DIHI-IIIIO 
TABLE 1 (aiiiiiinn'(li 
Miihile pliiises 
56 Accioniinlc U:IRT-j inr t ionia (40:9:1) lollowcd by hcx.ine-OH-acclic .lad {5:5:11 
57 Clilorolorni •H.iictiiyi olhc'r-hexane-ioiuenc (293:25"O5O-2()0) V 
SS l lcxanc-acctono |7():30) or bcnwnc-chlorororm r():; '0) ••-.. -
S9 Chloroform-benzene l9:1 > -ind chloroform~mcih:inoi 11:11 
SIO Hcxane-aceione (4:1) aria hexane-iDchioroniethar.c i i:l) 
SI I Lichl pfirolcum-benzentf-^' 'hyi acetate (65:30:5) 
512 Ethyl aceiaio-chlorororri'! ' 1 ^ ) 
513 He.xane-jceione (1:1) Iblio^ved by chloroform-acetone-methanoi (1:1:1) 
514 Acetic acid 
SI 5 Toluene-ethyl acetate (851-'') 
Sift Hexane. acetone and eth>i acetate 
SIT Hexane-acetone O:!) or benzene-cihyi acetate i2:ii 
515 He.xane-diethyl ether (3: ' I 
519 3en7,ene-<hloroform-methanoi (9:3:2) and chioroior-T'.-r.'.ethanoi (3:1) 
520 Water-acetonitriie (1:9) Jr-ti waler-metnanol (25 ": i 
S2i Ben/ene. chlorol'orm. carbon tetrachloride, distiiiec •'•aler. 1.4-dioxane and ethyl acetate 
S22 Hexane-acetone (1:1) anJ aieihyl ether-hexane-eihanoi (77:20:3) 
5;-, C\clohe\ane-ben7.ene-ac;t;i!'^ acid-liquiu paralTin and cyciohexanc-bcnzene-acetone 
S24 Benzene-hexane-acetic ac:d (5:13:2) and hexane-a-etic acid (7:3) 
5;;-; Diethvi ether-toluene (I -' or 2:1) and chloroform-nitromethane (2:1) 
5-5 OiChloroinelhane-acetoris. loluene-:iccione. chii)ro:nrm-ethyi acetate and benzene-acetic acid N '. 
5 ; - Toluene-acetone, ethvl jcetate-chloroiorm and chioroiorm-acetone 
S2^ iiexanc-buiyl acetate 
529 Toluene-acetone iS5:l5) 
530 Ch!orol"orm-ethvi acetate-' or hexane-cn^i acetate 
S3 I C!;lorolbrm-acetone (95:-1 
S32 Hexane-buiyl acetate ( 6 0 : P 0 ) 
S3,; .Acetic ac id -ch lo ro to rm- i^oc i ane t5:20:75) or acetic acid^hloroform (3:7) 
534 Butanol-formic aciu-water (7:2:1) 
5-,< Hexane-diethvl ether (3:1) followed by hexane-acetone-acetic acid (35:25:0.05) 
S3o Chlorolorm-methanol (-^ "^  " 
J-;- Cyclohexane-acetone (lO^D ''nd light ;x;troleum-benzene-^thanol (65:30:5) 
535 Chloroform-acetone and hexane-acetic aod-dieihv: -.-.her 
S3'J Hexane-benzene (45:55) 
540 Carbon tetrachloriae-lignt petroleum ipO-40) 
541 -\ceione-hexane (1:9) 
54; Hexane-meihanoi-^iiethy: -''i<-'r i ' i ! ' 
s^; Hex:ine. hexane ben/enc ' • -..'•:. 2. 3 >. benzer.e. .-.cvane- 'vii/ene-acetonitnie 110:10 i. ; 0:102). c.-.. 
iorm-hen/ene i2:l. 9 1 ' .:h|oiolor!r.. .;hlorotorr.-.icetone i^^ll. chloroloim-eshxi acetate-aceicr.: 
•9:1:;). dicliloronicihar't^-'-'-hvi .iceciie i":3). etnaroi .iv.ii aceione-waier (1:1) 
S4J Hexane-acetone i4 1) 
S45 ikxane-chloroforiv, i2,l, -^  1) 
S4^ Hexane-acetone (2:1) 
S47 f^exane-A;hlorolomi 12.11 ^id hexane-.icetone 13.11 
S4,S Hexane-xvlene-^;thvl acel^ie-^^H" (.'^ 0:1 5:5:IS) 
S4^ Hexane-.icetone 1 3 1) 
S50 Chlorolorni-liitht (ieirole"t^" il - ' 
S3i Chloroform -.icetone (6.S -'-'' 
S52 Aceionitrile-water iSO:20' 
S<', iknzene-hexaue i2.ll. aci^wne-lx-u/eae tlOO 0.4i, benzene and inethanol 
S34 Chloroform -acetone 
^_;,j; Hexane. heptane, chloroni""- benzene, cthanol. eih\i acetate, carbon tetrachloride, diethyl ether, 
pe'troleuiii, acetime .uiJ 'l"--ir niixliiro 
//, .S. RiilliDic unit T. Bf\;um J. Chriiiiitilni;r IXm / IW}, IXXt ll/)!) 




Si" Mcshanol. mcihanol-waicrfl: I. 9:1), watcr-fromic;icid-methanol (4:1:5). water-acelone(6'>:4). mahanol-
-':'"; ammonia solution (.10:1), acotoiie. niechanol-<iiisopropyl ether (1:1. 1:4). he.';an-aci:tono (9:3. 7:3). 
chloroform-acetone (9:1) and diethyl ether 
Sji^  Acetone, acetoniiriie. diethyl ether, ethyl acetate, acetone-he.xane. diethyl ether-hexane. ethyl methyl 
keionc-iight petroleum. acc!()no-aecioniirile-i.'\ciohexane and acctone-cyclohc.xane-ethanol 
559 Hexane-ethyl acetate (13:7) 
560 Hexane-sthyl acetate-acetone (9:1:1) 
S6i Ben7ene-ethyl acetate (9:1) 
S62 Benzene, chloroform, carbon ic l rachlondc and JisuUed v.aler 
S65 Chloroform-methanol 11:1) and glacial acetic acid-meihanoi-benzene (1:1:3) 
564 Benzene-ethyl acetate (50:10) 
565 Benzene-ethylmethyl ketone (9:1) 
566 2-Propanol-ammonia-water 110:1:1) 
567 Cyclohexane-accione (4:5) 
S6s Dichloromelhane-aceionc-acetic acid (S: l : l ) . aceione-ioiuene-acet 'C acta (2:2:1), dichloromelhane-iolu-
ene-aceiic acid (2:2; I), loluene-benzcne-acelic acid (2:2:1), dichloromethane-lieptane-acetic acid (2:2; I), 
ethyi acetaie-dichloromeihane-acctic ;icid (S: i : l ) , ethyi acetate-acetic acid (49:1), acxtone-acctic acid 
(97:3), dtchloromethane-acetone-acetic acid (5:4:1). acetone-chioro(brrn-heptane-acetic acid i3:3:3:l) 
and toluene-benzcne-dichloromethune-acetic acid (3:3:3:1) 
569 Organic solvents, mixtures ol" water and acids 
570 Dichloromethane-methanoi (99:1) and acetoniinie-\vaier (S5:l5/-3' 'o sodmm chloride 
571 Chlorolbrm-acctone (6:1) 
572 Dichioromcthane 
S7" Hexane impregnated with paralfin oil in light petroleum iS%). m acetonitr i le-aceione-methanoi-water 
(40:18:40:2). acetone, hexane-dicthyi e ther-acetone (7,5:2:0.5| or hexane-diethyi ether (8:2) 
574 Chloroform-diethyl ether (5:2) and hexane-acetone (20:1) 
575 Benzene-ethanol (9:1), chlorol'orm-ethyl acetate (9:1), chloroform-ethyi acetate-acetone (17:2;!), light 
petroleum-acetone (7:3), chlorol 'orm-cyclohexane-ethyl acetate 115:2:3) and chlorol'orm-ethyl acetate-
acetone (13;i;3) 
S"6 Penane-diethyl ether 
Methanol (25%)-potassiiim lodide-buianol (SO; 15:5) 
S"S Carbon tetrachloride and hexane-acetone (95:5) 
S79 He.xane-ethyi acetate (3:11 
S.<it Oichioromethane-acetone-.icetic acid (>S:!:I1. jce tone- io iuene-aci t ic acid i2:2;l), benzene-^thanoi-acetic 
acid 16:3:1), acetone-light petroleum-acetic acid 12:2:11, acetor.e-methanol-acetic acid (6:3;!). acetone-
Jiethvi ether-Licetic acid (2:2; 1), dichloromothane-ioiuene-acciic acid 12.2; I). acetonc-chiorolbmi-acetic 
acid (2:2:!), toiuene-bedwne-acct ic acid (2:2:1), dichiaromethane-he:>tane-acetic acid (2:2; 1), dichioro-
mcthane, dichloiomeihane-. iceione-benzene (2:1:1). acetone-ser.zene-aceiic acid (5:4:1), dichioromeih-
ane-heptane-.-thanol (2:2:1). chiorol 'orm-hexane-dichloromethane i l : l : l ) , chloroibrm, diethvi ether-
toluene t l : l ; l ) , hexane-heptane-ethanol (2:2; 11, dichioromethane-lighl petroleum (2:3) ana toluene-
hepiane-diethyl ether (I; 1:1) 
SSI Chiorol 'orm-methanol (1:1) 
S,<2 Hexane-acetone (3:1). benzene-acetone |6.6:3.4). hexane-acetone i9;l) and hexane-ac-etone (4:1) 
S,S3 Benzene-eihvl ;icciate-water(.'-:4:l), benzene-ethyl acciaie-acetic acid 115:4:1) and loiuene-ethyi acetate-
acetic acid (25:15:2) 
S,'<4 t-lexane-acetone (4:1) or hexane-diethyl ether (2:1), hexane-Henzcne (1:1) or hcxanc-ioiueiie (1:1). 
benzene-methanol-acetone i7:i;2) or benzone-methanoi-diei.'^vl ether (7:1:2,5) 
555 Hexane-acetone (90:10), hexane-acetone (I 50 : •' i, chiorotbrm-ni t romclhane (100:10()), chlorotbrm-acelic 
acid (190:10) and benzene-hexane-acctic a^io (50:100:201 
556 Distilled water 
557 Hcxane-dioxane-acetic .icid (79:20;I), hexane-dioxane (S0:20i. hexane-dichioromeihane (."0:70) and 
chlorolorm-dlethyi ether tS0:2U) 
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D J : 
SnCI; in 50"/o HCI-uqueous fuchsin dyo soluljon_ 
3-Melhylbcn7idine, N.N'-dimethylbcTiTitiinc. N.N'-lciramelhylbeiizidine and 3.5,.V.5-teir;inio(hvlbt:n?i-
dinc m presence of sunlight 
Ammoniacal silver nitrale soiuiion and dcnsiiorreiric scanning 
o-Tolidine reagent and densuomfinc scanning ranginu Irom 300 to 9()0 ni; 
Preadsorbed AgNOj and UV iighi 
1.4-Dihydroxybenzene 
Pyrolysis technique with IR laser and electron capture 
Iodine 
Cholinesterase 
KIj - Kl solution 
Mass spectrometry 
Ammonium molybdate (15°/o) in HNOj (2:1) 
PdCU or n-dimethvlaminobenzaidehvde 
Copper! II) acetate in dilute HG ;ollowed by KI t ] 





p-Dimethylaminobenzaldehyde-acetic acid (1011 , l'-^'' 
4-Amino-N.N'-dimethylaniline • 2HC1 ^ 
Swine liver hommogenate-alcohoiic ;i-naphihoi acetate 
PalladiumiII) chloride-iodine 
KOH-p-nitrobenzenediazonium liuoroborate 
Dimcthyiaminobenzaldchyde. ;>-nitrnphenyidiazonine or 2.6-dibromo-N-chioroguinQiiiicie__ 
Ironllll) chloride (1%) in butane! and 14-ciinitrophenyihydrazine {}'%) m chloroform-methanol (3:1) 
CuCi: (1%. w.v) lollowcd by metavanadaie or potassium hexacyano-ferratedll) (0.5°a. w-v) in sodium 
hycroxide (0,5°o. '.vvi 
Diphcnylamine 
Diazotized /j-nitroaniiine or diazoiized /;-aminoacetophenone 
Ruorescainine 
Ninhydrin 
Hill reaction inhibition detection technique 
o-Phthalaldehyde in 7 .U sulphuric acid and ethanol (10°o) and L'V (350 nmi 
Bromophenol blue 
Silver nitrate and UV light 
UV light (365 nml or densitomcirv 
Relleclion-absorpiion photomei-- at 240 nm 
U\' lignt and n-tolidine-Miichei.s reagent '' 
4,4'-Teiramethyidiamin()diphenv:meihanc t 
Fluonmetry .• • 
Photolysis, morin derivatizaiion jnd lluurescer.ce 
Dragendorll reagent 
Dilhionite 
Microbioassay using C. lucunvnnum spores 
Chloroplast hoinogenaie and Is-dichloromdopnenol. exposure lo white neon liahl 
Aqueous K,CO) (10%) and Jiazolued .i-dianisidine solution or iirthaniiic acid or ,>-dianisidir.e or 
diazotized orthoanilic acid L ' ' >'' ' -• ' ' • ' •• 'i '',\ ^^'-,ly/ ' ' • ; M > , ' . - • . , , 11- -' 
Aqueous siidium hydroxide (CUV.) roliowed b\ nickel aminine reagent (aqueous nickei chloride solution 
(5°.. 1-aiiimonia (30"'.) (I:l) | 
3.5,3 ,5'-Tetr:iinethylben7idine lO 2"..I . , ••, / •'' ' 
DilTereniial-puLse polarographs " ' , , , 
Gas chromatography with electron-capture detection 
' CjnimufJ on p ikld i 
TAHLB 1 Uimiiniivd I 
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HL'INO}); - iJiphcnylcarb:uonc. uKline. HgNO, jnd heating, acidic potassium pcnnaEanate 
Ammonia soluiion-watcr (1:4) followcti bv beet' liver liomoeenale. iniioxvl acetate. KjFelCNu Jii<i 
K.Fe(CN), ' ~ • ^, • 
Maancsium chlonile n°'o) followed by N.2.6-lnchloroben7.oquinonimine lO..^ "/..) 
N.2.6-Tnchloroben7iX|umonimine 
Trtcthanolamine exposed to mercury lamp. 254 nm <'^' 
Diazoii/.aiion wuh sodium nitrr.c solution alter thermal gradalioivA».iih 4-ammoanlip>rine ;n preser.ce ol 
ammonium persulphate (be'ar.nil. or /7-dimeihylamifroben7aldehyde (asulam. beianull. hromopher.ni 
blue reagent or ii-toluidinc alter N-chlorination (eptaiie. tillam. yalanl. DraeendoriT reagent or sulphuric 
acid (roneetl 
U^' quenching. .\aOH, .AgNOj, I'vnilrobenzcnediazonium tctralluoborate, llsetin and enzyme inhinition 
Rhodamme B-UV, |0-dimethylaminohenzaldehyde. potassium permanganate, silver nitrate ^ bromo-
phcnol blue, pinacriptoi yc!low-UV. sodium nuoresceinate-UV. sodium lluorcsccinaie-UV (mocified 
method), iodine vapour and looine spray 
2.6-D'bromo-N-chiorobenzoquinonimine (l).5°.ol or .\.2.6-tnchloroben2oquinonimine (Gibbs reagent! in 
acetic acid " . , 
Diazolized/7-nitroaniline , • " 
p-Nitrophenyldiazonium chloride ' 
.^ 1et^a^ollC potassium hydroxide 11".il t'oiiov^ed by/^-nitrophenyldiazonium tetralluorohoraie (0.! ' . i in 
acetone • ~ - — _ -
Soaium nitrite in I .U hydrochionc acid (l°'oi followed by N-( l-naphthyileihylencdiarr.ine«WtvtJf.v-dCid 
' r"u) in 2 M hydrochloric acio ~^ ' ' 
Ethanolic Fast Blue fi(l"r>) IblloMeu by sodium hydroxide120%). L'V light (254 nm), 2.6-d:bromoqu!r:one-
."hlorimide ii).5%) in Jimcthyit'ormamide .-^lu-'-.,^ ; • •• • ^'^ •= • ' U' '• •• 
Autoradiography using Kodaic X-ray film and -rad4«J»«ai-uti.^ -<4w<rd aaueous ethanoi '50%i. '.<) ~: 
;oiuene-Triton .VIOO (2:1) ^ 2.:-diphenylo\azole |4 g 1) and l.4-bis(5-phenyloxazdyl-2:. benzene ;'' i g 
.1. radioactivity measured using Philips PW 4540 liquid scintillation spectrometer V 
r'.:-Dichloro-/)-henzoquinonechlonm.ine • , 
Fluorescence quenching or L'V 
Scanning or autoradiography 
Sliver nnrate-2-phenoxyelhanol. 4-<4-nnrobenzyl)pyridine iNBP). 2.6-dibromobenzoquinone-N-chioro-
imine (DBBO and iisanalogue 
Rcl'lectance densuomelry 





Er.ivme (mouse iiveri. ihcn 5ub<:raic containing .(-nanhthvi ethyl ester 
Palladium chloride or dihromo-4<.-:orimide. 4.,a-iiurobenzyl)pyridine reagent 
-\.Timonium moivbdaie reagent 
S^xcirophotomeirv 
l.'.coxyi acetate ;ind human serum, exposed !o .-fth-nm L'V irradiation, lluorinietnc .icanning 
Zeiss ERI hjrn spectrometer and integrator 
, P:g liver acetone I70wer) sprayed with l-naphihvl,iceione solution followed by ^-nitrobenzenediazonijm-
:iuoronorate in acetone 
L\ ' at 254 nm or 2.5-dichloroquinonechloroimide or indoplatinate reagent 
Ir.nibiiion of esterase. I-ihionanhihvi acetate and 2.2'-azo( l-naphlhol-.'s-chloro-.<.ft-disu:nhonic .icidl 
4.4-diphcnyl disulphide, .is post-cnromatographic reagent 
A.Timonicai silver nitrate solution iiV5",i) in aqueous acetone (i:.)) 




c^  3. 
^ ^ i . - . 




Cii'liiiaifd i>i> :• ""<1 
//. 5. Rallmn- und T. licviini J Cliraiiialni;r. 00(1 IIWJ i IKHI-OOII 
TABLE I miuimicilI 
























































Aulomaleu mulliple developmenl ihin-layer chromauiuraphy 
^•vfc-Buiyiphenyl N-methylcarhamatc (oshael 
Coionmelry 
C, jikyl-bondcd silica gel 
C., alkyl-bonded silica gel 
TAO-dimensional 
2.4-Dichlorophenoxyacetic acid 





Dicrriorodiphenvllnchlorocihane (mixture ol metabolites ol' ur •',()"4 p.p - and 20"''. <i.p •) 
i -')-Chlorophcnyl)-1-(/)-chlorophcnyl)-2.2.2-irichloroethane 





F;.;me ionization detection 




High-performance liquid chromatography 
Kign-pcrlormance thin-layer chromalograph\ 
lnooie-3-acetic acid 
Uoprapyl carbanilate 
Ion-pair rcversed-phase thin-layer chromatography 
Lo^ '^Cr limit ol' detection 
-;-Chioro-2-methyiphenoxyacetic acid (isooctyi ester) 







OvvT-preSbanzed thin-layer cnromatographs 
•Vwcvclic aroniaiic hydriKarhon 
?,\\chionnaled biphenyl 
Pfr.:alluoronen/yl derivatives 
Parts per billion (. '^'i' ^ 
Parts per million . ^', '•-' ' 
Migration disiance relative to solvent front 
Reversed-phase 
Rv\i thin-Lucr chromaiography 




TcmfKraiure gradient (.VMd'C) thin-layer chroniaiographv 
L'iiraviolel " " " ^ '•i / 
//. 5. Hulhnrc ami T. Ik'vwn ./. Chrnxwmvr IKMI /VV<, 0(111 IKKI 
TAOLE : 
APPLICATION OK TLC TO PESTICIDE ANALYSIS 
Pesiicideisi siudiod Sample: cummcnls Slalioiiary Mobile Dclcciion 
phase pnahC 
A bale 
Abate, acteilic. amhibn. aphox. bromophos. 
chorofos. eyanox. elaphos. heptrophos. 
Tiaiathion. paraihion-nieihyi, pho7-alon. 




Aeariciues tuni;icidcs .mc i:',secticiues 
Acieihc and basudiniU) 
AcillLorien. b.'leno.x, chlcrovuron, dipheno-
\Liron. iluorodileny. foir.esalen. nitroien 
and oxyiluorten 
Aldicarb. ba\gon. bendiocarb. BPMC. 
carbaryl. carbot'uran. MIPC. zineb and 
ziram 
Aldicarp. baveon. carbar;.:, carbot'uran. 
iar.r.aie. mancozeb. ihiran-.. zineb and 
ziram 
Mdicarb. carbaryi. diuron and propoxur 
Aldrin. a-BHC. dieidrin. !;ep(achlor. 
heptachlor epoxide anc methoxychlor 
Amicocarb and us maior Tieiaboliici 
Ammo aciGs. bix" acids, hormone.'s and 
pesnc;des 
Aniiide. carbamate and 'jrea herbicides 
Aohox 
\romanc ,icid herbicides residues 
Vryicarhamaies laniline. a^uiam. beniai. 
cirbyne. chlor-IFC. 'n-chioroanilme and 
IFC). phenylurea deri^auves (3.4-dichloro-
aniime. diuron and aosanex). ihiocarba-
maies idipial. epiain. ronect and yolanl 
\suiam and u.s degradation products 
\suiam and its degradation products 
isiiiam. suiphaniiamide snd suipiiaiiiiic .icid 
Envirunmenijl water sampies: P45 
RPTLC; determination 
HPTLC-El. determination P43 
(Lit = 0.W) 1-0.01 me ) 
TLC; separation 
TLC: determination 
(Llt = 5 ng) 
Fresh and processed apples: 
2-DTLC. determination 
Green, dry tobacco leaves: 
TLC-GC: determination 
(Lll = 0 5 iig. 0.1 mg kg) 
.Vlixiure.x: STLC: separation 
TLC. seoaraiion 
Pits! miirwm material: TLC: 
detection, separation 
(Ut = 0.5 ;ig) 







Air. water and soil. TLC GC: 
determination iL't =0.5 ug. 
0,5 mc kg. 0.05 ing in'' 
Plant material: TLC. 
determination 
TLC-GLC: dclermination 












Soil TLC: determination 
HPTLC, determination 
(Lit = 2-200 ppbl 
TLC. detection 
(Lit = 10 ngl 
Dnnkini; water. »;rouiKl 
vn'ater: TLC. determination 























































,'/, .V. Htilhnrc and V. lif^uni ./_ ClininHiuivr HOI) ^ !W! i IHiii 1)1)11 
TABI.B 2 '(iiniiininl, 





Alrazinc. p.p-DDD. p.p-DDE. „.p-DDJ. 
p.p-DOT. 2-HCH. v-HCH. moiaphos. 
phosalonc. phosphamide. promeiryn and 
sima7inc 
Atrazine and simazine 
Azinophos-cihyi. azinophos-meihyl. couma-
phos. diazinon. dimcthoaie. disuifoion. 
' r i / , , 0 ' ' eihion. lenchlorDhos. maiaihion. owceme-
lon-meihyl, paralhion. paraihion-methyi 
and phorale 
Azinophos-eihyl. diazinon. paraihion-rr.ethyi 
nna malaihion 
Bendiocarb 
Benthiocarb. drepamon and yolan 
Benzoatc derivaiive oi' p<niachlorophenoi 
Benzoic acic. cu-.namic ac;d. 2.4-D. lAA. 
/i-NPA. ;i-NPXA. TCA and :.4.>T 





phonothioaie and phcnyiphosphonc acid 
Bromophos residues 
Bu'.uron. chlorioiuron. curon, I'enuron. 
;soproiuron, methaberziniazuron. 
meionuron, monuron jna neburon 
Butylate. chlori'envinpr.t>>. c;.cioaie. p.p-DDE. 
p.p-DDT. dirr.eir.oa!;. EPTC. Icnthior.. 
'.mdane. mevinphos. T.o'.inale. paralhior.-
:-,ieihvl and irichiorrr.o" 
irapialoi. captan. uiloijun and t'oipei 
Carbamaies and OP resicues 






: -DTLC GC; detection, 
determination 
Water and scAage; TLC: 
deiermination 
(Llt = 0.1 fjgdm^i 
TLC: detection, separation, 
deiermination 
TLC: separation 






Citrus: TLC: ^letermination 
Plants, soil anc water: 
TLC-GC; detection, 
determination 
(Lit =0.01 mg;kg) 
STLC: separation 







TLC. deteciior.. deierminaiion P!-
Wjier. lettuce, joples: TLC. 
determination 
Fruits vegetables: TLC: 
detection, separaiion 
Drinking water: HPTLC- Pi : 
AMD: deiermination 
TLC. detection P:i! 
iLlt = I fig) 
\ppies: TLC. determination P;'> 
TLC, detection iLli = P : ; 
^ ug. 1 iig. respcL'tixeiyl 
.^V.Iter: TLC. detection. \'l'. 
dcterrninaiiun i Lit = 
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TABLE : Ui»iii,wci/i 
IVslicidas) studied 
Carbaryl and related conipounui 
Carbarsj. dichlorvos and maiathicr 
Carbcndazin 
Carbofuran 
Carboluran and quinalphos 
Carboxylic acid herbicides 
Carboxylic acid herbicides 
Carboxylic acid herbicides 
Carbo.vylic acid herbicides 
Carboxylic acid plant i:row.lh rcic-
Chlorbromuron. chloroxuron. lir.u: 
methoxuron. meiribuzine. promt 
simazine. lerbuihylazine and ler? 
Ciilorocaragard. melazine and rr.c.: 
caragard herbicides 
Chiorochoiine chloride (plant ^ru-' 
reculator) 
Chlorophenols 
Chlorophenuxy acid herbicides i2 , -D 
2.-J.5-T) and triazines 
Chloropyrifos and US mciaboiites 
Chiorpropham 
Curacron or seiecron resiaues 
Cyanox 
Diazinone, cimethoate. ethion. n-.j.-:r.:on. 
parathion and parathion-meth> 
Diazmone. epiam. ;-HCH. ienaci. -.-.^ .-.• 
meuipham and phoipharr.ide 
Dicarboxiniice fungicides. ;prodi' - r 'vymi-
done and Mnciozoiin 
: .--D. MCPA, :.-!.5-Tano ;he:r ?-?. -romicie 
uemaiives 
DDT 
r.p-DDJ and dieidrin 
DDD. DDE. DDT. J-HCH. .:r.c.-: ..— 
meihoxych.'or 
,9.,-;-DDE, p.p-DDT. methoxych. .r ^r.^ 
paraihion 
Dichlorvos. dimeihoatc, malathiu- jr,c 
phosphainidon 
Dicroiophos. ethion. (ensuil'othn -. r.Jeme-
lon-meih , phoraie. phosn-.ct. .--.••spnolan 
and irici'., rion 
Dieldnn derivatives 











Fresh water, plant tissue--., ^o l^: 
TLC. separation 
.Air TLC: determination 





TLC: detection, determinaiion 
.Air TLC: determinatior. 


























































!Lli=0.1 me kg) 
WaierTLC. de'teciion P20. P40 
TLC: determination P17 
TLC: determination P20 
Onions; TLC: deiermir.aiion -
E:vironmenial samples: P40 
TLC. determination 
!Ut = l-2 ug) 
Pbnt samples: TLC: -
determination 
TLC; detection, determination 
(LU = 0.03 iig) 
TLC. 2-0 TLC; identification, 
separation (Lit =0 . : - ; ;ig! 




Soil. TLC, deie,'-min.ii:or. 
TLC, detection iLIt ~ ••• 20. 
0,20, 0.20. 0.20, O.2.' jiid 
l.0<) Hg, respeciiveKi 
Spiked samples: TLC. 
•vera radon 
TLC; mobility 
TLC. ^teteciion. sopar,!:ion 
TLC-<]C, idcntilicali.'i: P2() 
TLC, determination (Lit - P42 
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TABl.r. : nimiiiiwdl 
Peslicidc(s) sludied Sample; comiiiejiis Slaiion;iry 
phase 
Dimcihoaiv:. dimethoalo oxygen analogue, 
dioxathlon. disuHiUon. I'onogO!). fcmoeos 
oxygen anaioguo and oxydcmcionmelhyi 
DNOC 
DNOC and dir.oseb 
Disulphoion. disulphoton oxygen analogue. 
tcnthion. t'enlhion oxygen analogue, phoratc 
and phoraie oxygen analogue 
Diiuphoion. monocrolophos and quinaiphos 
/ r Q 3.i 0-E'.h\i-0-4-0;rophenyl phenylphosphono-





Fenuroihmn anG paraihion 
F'uchloraiin. forrriolhion. maialhion and 
•,hiome;on 
Fiurecoi 
Fiucyihriale mseciic-.dc residues 
Fiungicices 
F'aradan and us meiaboiues 
Furacan and US n-.etaboliies 
Garr.macarbaiox icarbarvi-'moanc mixiarc) 
Garoona •teirac.".iorx>nnnosi residues 
Gardona residues 
Gibbereiin .Aj anc Aj - A-
Gi^chosaie and us melabolue laminocthyl-
rnosphonic ac:dl 
Givpnosa:e and us nielabolue iam;noeihvl-
p.TOsphonic acidl 
Ha.ogeiiaied syniheuc pyrethrow inseeueide, 
i.j and :ran5 isomers ol pcrmclhim and 






Urtne; TLC. ideniukatuin 
Waler. TLC-DPP; 
delerminaiion 
TLC: deteciion. deiermmation 
TLC: Kiennrication. 
detennmation 






Formuiaiions; TLC. deiecuon. P20 
sepaiauon 
TLC: separauon P42 
TLC: detection P20 
Biological materials 1 blood. P->0 
urme): TLC: determmation 
(Llt = a.^  up 
•Air: TLC. jet-ermmation P20 
Polaioes: TLC-F.!: detection PM 
(Lit = 11 i i^ pm. I. pbb. 
respeciivei;. i 
Apples; TLC jeierminaiion P20 
Water, fisn iissaes. TLC. P-il 
deieraiination (Lit = 
0.0! mal. 0 1 mg kgi 
Fermentation t^roths: HPTLC: P?5 
delcrmmaiion 
TLC; ikterminatioii -
Water: TLC, oeierniinalion PS 
|-'ruUs, plants. s,)ii ,ind lomaio; VW 
TLC. deicx'iioii 
{Lit =0,10 nig I) 
TLC; separation P2I 
TLC, Jerctiion l>:0 
TLC. separation . P.M 

















Bioiozjcii materials in 
forensic io»icoioi:v; TLC: 
detection iLii = i (ig per 
spot) 
Water. TLC-ci. deieciion. 
detennmation 
TLC-EL determmation 
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Herbicides .mc rel.ilcd compounds 
Hexazinone rr.eiaboliies 
Inijdan and :\i deeradaiion producis. 
N-hvdrox'.-neihvf! imidoxen. piuhalic acid, 
(^  phihaiirr.ice'and iji,iiiai,,iu<>ubha.'inic acid 
lr.dolc-3-ace;:c acid 






isouron ani: ::i meiaooiite 
MCPA ano ;:s soii metanoiites 
MCPA and ;;s two metaroiiics 
MCPA anc •.erbacii 
Mecarbam -..a us degradation products 





Methidathion and mclnowchlor 
M e t h o n n i 
Mc thom\ i , raraihion. paraihion-nieiini .lud 
sumiihon 
Mcthoxuior . and its breakdown product 
(3-chloro-^mei how aniline) 
Meths in i in - rnos and ;ti inelaboliics ileniiro-




T L C idenlii 'calion P20 
Aericuitural crops , food. lOil P2n 
and ivaier; T L C : determina-
tion I Lit = l - ! l ) iti kci 
Sugar beet and sugar: TLC, P20 
determination 
RTLC; determination P9 S76 
Rat-liver niicrocosmes, peanut - -
seedlings, sugarcane: 
TLC-MS: determination 
TLC: reparation P22 S9 
TLC. detection P20 S66 
TLC. aetection P20 
(Lit = 5-100 ng per spoil 
Animal tissues: TLC. P29 
deierminaiion 
(Lit =i). l ppm) 
TLC: determination P21 S ' l 
(LI; =0 .25 -1 .5 lig per spot) 
TLC. oetection. separation P31 SSO 
Soil.-later: T L C . determination P55 S"2 
Apples: T L C - G C : P20 
dete.Tnmation 
Crops. T L C - G C . 
determination 
TLC. separation - -
Potato tubers and foliage: P40 SI3 
STLC: detection, separation 
TLC-Ei : detection. ideniiMca- P20 S5i 
lion iLlt = I 5 ng) 
Rice. -••oii. T L C . detection. - -
separation 
Clinic.:; samples. TLC. P2() 
RPTLC. identil'ication 
Scrun: and urine: RTLC. P2!) 
determination 
ILC.-reparation, determination - Si2 
Potato, soil and water: TLC, P4.s-P2s S70 
HPLC: deterniinalicn 
(Lit -<).02, 0.2. UlHll mg kg. 
respectively) 
Gram. TLC. detection. PZb 
determination (Lit = n I. 
i).i.ii 0<15 nig kg. res|vcinely) 
LLC. , ; e t a t ion P : i S-14 
IIPTLC. separation P2() 
TLC. detection P20 
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OC. peiroieum dislilbtes. PCBs. phenols 
and explosives 
OC and OP 
















Paraquai ana related coinrounds 
Parathion 
Paraihion ana us meiabomc raraoxoni 
Parathion residues and us n-.eiaboiile 
iparao\on) 
Pesticides (Crop protection aeenls) 
Pcsiiciues 





T L C ; separation 
TLC, detection 
TLC; dcternnnation 




Dried fruits; TLC; determina-
tion, separation 
HPTLC; deiermmalion 
Vegetables and human blood; 
TLC; determination 
;-D OPTLC: separation 
TLC; separation 
Waier HPTLC. separation, 
ideniitication 
TLC; detection 
(L!t= 100 ng) 
TLC; detection 
(Lit = I ^li) 




Sewage sludge and dnnking 
waier: TLC-GC; Rr values 
HPTLC. determination 
.Marijuana; TLC: deierminauon 
Plasma, unne; RTLC: 
determinalion 
Biological samples (blood. 
urine and tissue sjmples): 
TLC, determination 
MDTLC: separation 
Crops; TLC-C. deieciion. 
deitrmmaiior. 
Crops ince); TLC-E!; 
detection, deiermmation 
Crops; TLC-El; determination 
lLll= 10-'° i) 
Drinkme wmer. liround water: 
AMDTLC; STLC: 
detection, deicrminaiion 
Drinking >»atcr. ground water. 
surface water at trace level; 
AMDTLC, detection, 
dcicrmuution 
TLC. :-D TLC. detection, 
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TABLE 2 ICdniiiwetl: 
Pesticide!SI studied Sample; comments 




Phenoxy acid herbicides 





Phosmethvian and iis maior "eiabolite 
Propamocarb 
Pyramine herbicide rcsicucs 
Pyrazophos 
Radioiabellcd r<suciccs 
Rodenticidcs and vitamins 
Semicarbazone herbicides 
f Jo Tebuthiuron ar.d related compounds 
Terbul'os and lis (bur oxidame meiaboliies 
Thiabendazole 
N.N'-Bisi l.j.-;-;niaduzoiyl)m.ei|(Iimcdi-
amme residues T~~ 
Thiocarbamaie nerbiciaes 
Thiocarbamaie herbicides jnu their siiipho\ide 
and silufon rr.eiabiMites 
Thiocarbamic ,:CIG 








Standard solutions: UPTLC. 
detection, detcrminalion 
Multi-residue analysis to 





tion I Lit = 20-60 iig) 
Dnnkmg water: TLC: 
determination 
Carrots, potatoes, wine: TLC. 
determination 
(Lit = 0.1 ppml 
TLC: detection, separation 
(Lit =0.01 ppmi 
TLC. determination 
Crops, meat. milk. soil, water: 
TLC: detection 
(Lit = 500 ng) 
Peppers: TLC: determination 
Soil: TLC: detection, separation 
(Lit = 0.02 ppm) 
Plant products: TLC: 
separation, determination 
Soil surface: TLC. mobility 
TLC: separation 
(LIt= l-S itgj 
TLC: RPTLC: separation 
TLC: mobility 
TLC. separation 
Fruit, peel: TLC: deiermuuiiion 
Rice: TLC. determination 
Foods: TLC: determination 
TLC. dciection 
TLC. separation, deiection 
I LI; = iV0MVu: me !) 
Feed additi\es. biological 
materials: TLC: separation. 
identillcaiion 
Bee honey: TLC: determination 
(Lit = iWKH) iig per spot) 
Surlace water, standard 
solutions, water: TLC: 
determination (Lit = .i iig) 
Water: TLC, deleciioii. 
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Pesiicidcls) studied Sample; conitnenis 





Triazine and urea herbicides 
Trichioromeiaphos-r- residues 





TLC: Rf values 
Milk;OPTLC; deiermir.ation 
([Jl = 5 (liJ/ki!. 10 »!!.ki) 
RPTLC, detection. :>eparation 
TLC: determination 
Waen TLC; determination 
Grain; TLC; determination 
(LU= 1-20 ,/g) 
Drugs; TLC; separation 
Drinking water; determination 
Grains, vegetables; 2-D TLC; 
dettrminaiion 
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ABSTR.ACT 
The ihin-iayer chromatographic behaviour of carbaryf, carbendazun (Bavistin). carbofuran, propoxur. phenol, 4-chiorophenoi, 
onitrophenoL 3-naphihol and ^-naphthoi was examined on alumina, barium sulphate, calcium carbonate, calcium phosphate, calcium 
suipha:c, cellulose and silica gel G in solvents such as acetone, benzene, carbon tetrachloride, chloroform, cthanol and distilled water. 
The }mportant separations achieved were carbendazim from carbaryl, propoxur. 4-chlorophenol. o-nitrophenol. i-naphthol and 
Yfvv^ i-naphthoi; carbaryl, propoxur, a-naphthol and /!-naphthol/rpm carbofuran, phenol, 4-chlorophenol and o-nitrophenol; and o-nitro-
phenol from carbofuran. phenol and -t-chlorophenol. "T , ' • 
INTRODLCTION 
Thin-!ayer chromatography (TLC) is used for the 
qualitative and quantitative analysis of a wide 
vanety of compounds [1]. Pandalikar ei al. [2] have 
developed a plain thin-layer chromatographic (P-
TLO procedure for the detection of carbaryl at 
trace levels in biological fluids. Srivastava and 
Reena [3] developed a suitable P-TLC scheme for the 
separation of carbaryl, bendiocarb, carbofuran. 
baygon. ziram. zineb. aldicarb. .VIIPC and BPMC 
on plates coated with silica gel containing 1% zinc 
jceiare usir.s henzcne-elhy] act:iaie |50.-JO) :JS the 
soKcnt. Residues o\ carbofuran and its two car-
bamate mc'aboliies have been extracted with HCI. 
partitioned into CH^Cl;. chromatographed on silica 
gel .ind detected •.wih KOH-/?-nitrobcnzenediazoni-
um tluoroborate ;4j. 
Our pre\iou5 .wirk showed that papers impreg-
naied with an lon-pai."" reagent or reversed-phasc 
reagent can be u-ed lor the reparation of herbicides 
Ci'm-piiriitcric !ii li S Rjlhi'fc IX-parlmcnt of Applied 
Chv;n:i>uv. I H. (,'. . v^ ..| t:-,'j;iinn:nn>; and Tv\'hni>loi;\, .\lii;.irh 
\lu-.l;in l.r.r.vrsiis \:ii.ir^--iri»ir. Indi.i 
and plant growth regulators [5]. P-TLC and sequen-
tial TLC (S-TLC) can be used for the detection and 
determination of carbaryl in water [6.7]. In contin-
uation of our previous work, the chromatographic 
behaviour of carbamate pesticides and related com-
pounds has been examined on thin layers of alumina, 
barium sulphate, calcium carbonate, calcium phos-
phate, calcium sulphate, cellulose and silica gel G. 
EXPERI.MENTAL 
Appuraiiui 
A Slahl apparatus with a universal applicator 
(thickness of the applied layers adjustable from 0.25 
to 2.00 mm), glass plates (20 \ 4 cm I. glass jars 
(25 X 5 cm), a hot-air drier, a temperature-con-
trolled electric oven (Tempo), a Spectronic-20 spec-
trophotometer (Bausch and Lomb). an electrical 
hot-plate with magnetic stirrer (Sur.vic) and a micro-
pipette (10-100 al) (Gilsoni were used. 
Reci^cnia and ihcniUuls 
Compounds were of taboratory-rcagent (LR). 
general-reagent (GR), ']'^r''rrrrr^'''l{\\'?) oj ana-
lytical-reagent (AR) grade as indicated, .Mumuiiurn 
hydriiKiue gel iQiialigcnsi, barium sulrhate (Ran-
tMCl-1^7.1 =>: so^,l^v l'W2 f.lwiK-r .Sticnci; PulilL^hcrs B.V All rii;his u.-scrvL'd 
2<J • II S. Ralhorc uiiil T. Bcviini J < 'hrnmumnr. nun / W ; niHI~i>l)l) 
bax_\j. calcium carbonate and calcium phosphate 
(LR) (GSCj. calcium sulphate dihydrate (Merck), 
microcrystalline cellulose (LR) (CDH). silica eel G 
(Merck). 50^ 'o carbaryl (VVP) (Paushak). 3% carbo-
furan(GR)( Pesticides J. l%(vv wjpropoxur (Bayer). 
A A SO%_carberida^m (Bavistin) (WP) (BASF), phenol. 
^ /7-chlorophenol (LR) iBDH)! o-nitrophenol (LR) 
fCDH). X- and /J-naphthol (AR) (CDH). 4-nuro-
benzenediazonium teirafluoroborate (Merck), po-
tassium hydroxide (LR) (CDH), sulphanilic ac'd. 
sodium nitrite (AR) (CDH) and sodium hydroxide 
(LR) (Qualigens) were used. All other reagents were 
of analytical-reagent grade. 
Preparation oj solutions 
Solutions {\°'o) of carbaryl. carbendazim. carbo-
furan, propoxur. phenol. 4-chlorophenol. o-nitro-
phenol, 2-naphthol and ^-naphthol were prepared 
in ethanol and 4-nitrobenzenediazonium tetratluo-
roborate soiuiion (0.1%) was prepared in acetone. 
Methanolic potassium hydroxide (1 %) and aqueous 
solutions of sodium nitrite (0.3%) and sodium 
hydroxide (16°o) were used. Sulphanilc acid (0.2%) 
solution was prepared in 10% HCl. When a 1% 
solution of a pesticide could not be prepared, the 
saturated solution was used. 
Preparation of TLC plates 
The foilowmg slurries were applied to the glass 
plates with the help of the applicator so that the 
thickness of the coating was 0.5 mm; (1) aluminium 
hydoxide gel (30 g) in distilled water (DW) (100 mi); 
(2) barium sulphate (30 g) in DW (60 ml); (3) calcium 
carbonate (25 g,) in DW (60 ml): (4) calcium 
phosphate (40 g) in DW (60 ml); (5) calcium sulphate 
(30 g) in DW' (70 mi); (6) microcrystalline cellulose 
(20 g) in DW (75 mi); and (7) silica gei G (25 2) in 
DW (65 ml). 
The plates were first allowed to dry at room 
temperature (25 r: 2°C) and then in an oven at 
110°C for 30 min for the cellulose coating and 1 hfor 
the other coatings for activation. 
Spotting of lest solution 
Test solutions were applied to the TLC plates with 
a fine capillary or micropipette. After drying at 
room temperature, the plates were developed to a 
distance of 10 cm with a suitable mobile phase. The 
solvents investigated, with dielectric constants [S] in 
parentheses, were hcxane (1.89), 1.4-d:oxanc (2.21). 
carbon tetrachloride (2.24). benzene (2.28). chloro-
form (4.81). chlorobenzene (5.711. eihyi icetate 
(6.02). acetone (20.7). ethanol (24..^ 1. methanol 
(32.63). nitrobenzene (34.82) and distilled water 
(78.54). 
Detection of pesticides 
The carbamates and phenols were detected on the 
TLC plates by spraying first with potassium hydro-
xide solution and then with /7-nitrobenzenediazoni-
um tetratluoroborate solution. Coloured spots on a 
white background appeared for ail the compounds. 
Recording of Rr values 
For tailing spots, the distance from the ongm I'or 
the leading (Rt) and trailing {Rj) fronts were 
measured and R^ values were calculated with the 
equation 
R. 
average of Ri_ and Rj (cm) 
distance travelled by solvent front (cm) 
For compact spots, Rr values were calculated in 
the conventional manner [5]; i' 
, / : , ^ . . - - < ^ . - ; ' ; 
Qualitative separations 
To achieve the separation of pesticides, one of the 
compounds was spotted, the solvent was removed, 
the second compound was spotted, the solvent waS' 
removed again, then the plate was developed, dried 
and pesticides were located as above. 
Quantitative separations 
The pesticide solutions were spotted on fresh 
plates, solvents were removed and the plates were 
developed as above. The previously demarcated 
area of the plate was scratched otTand carbaryl was 
extracted with methanol (5 ml) and determined by 
the following procedure [9]. 
Spectrophotometric determination of carbaryl 
To the carbaryl extract (5 ml) in a 50-;'.l volumet-
ric flask, 10 ml of distilled water and 2 .mi each oi 
sodium nitrite and sulphanilic acid solutions were 
added. After 10 min, 5 mi of 16% NaOH were added 
and the solution was made up to the mark with 
distilled water and mixed thoroughly. The absor-
bance was recorded against a blank after 10 min at 
520 nm. The blank contained ai! the reagents c t^cept 
carbaryl. 
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RESULTS achieved are recorded in Tables I-VII. Thin-layer 
chromaiograms of some analytically important sep-
PiotsofiRf values verra,? the dielectric constants of arations are shown in Fig. 8. Analytical results for 
the solvents are shown in Figs. 1-7. The separations the quantitative separations ar^ summarized in ' C \ > - ^ 
l' 0-HUfeph«n<»l 
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Fig. 1 TLC behaviour of some carbamates and related com-
pounds on aluminium hydroxide gel. Symbols as in Fig. I. 
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Fig. 3. TLC behaviour of some carbamates and related com-
pounds on barium sulphate. Symbols as in Fig. 1. 
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TLC behaviour of some carbamates and related corn-
on calcmm carbonate. Symbois as m Fig. 1. 
Table VIII. The times required for developing the 
chrorratograms with different coatings are given in 
Table IX.^  
Statistical analysis of the spectrophotometnc data 
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Fig. 5. TLC behaviour of some carbamates and related com-
pounds on calcium phosphate. Symbols as in Fig. 1. 
a = 
/(.Vi - U)' + {Xi - ll)' + (,V3 - U)- + 
R.S.D. = a- 100 
0 iO 70 30-75 MO 10 70 30-75 900 10 70 30-75 «0 
OELECTeic C0N5WKI Of Iwt OEVEIOCESS—— 
Fig. 6. TLC behaviour of some carbamates and related com-
pounds on calcium sulphate. Symbols as in Fig. I. 
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OltlCCJIlK C O N S T M I Of OEVClOPCas 
Fig. 7. TLC behaviour of some carbamates and reiaifti com-
pounds on silica gel G. Symbols as in Fig. L 
H. S. Ralluire and T. BcMim^ J. Chriimalni;r. lltlO ' \'/^2, llll()-<)Otl 
TABLE 1 
SEPARATIONS ACHIE\ RD IN DIFFERENT SOLVENTS ON ALUMINIUM HYDROXIDE GEL 
Compounds Separated from'' 
Bavislin (0.0) and 
o-nitrophenol (0-1 cmi 
Carbaryl (7-9 cm), carbofuran (1.0) 
and propoxur (LO) 
--Chlorophenol (1.0). o-nilrophenoi 
(1-0) and phenol (1.0) 
Bavisim (0.0) and o-nitrophenol 
\\-i, cm) 
Carbaryl (1.0). carbofuran (1.0), 4-chlorophenol (1.0). a-naphthol 11.0). A.e'.ane 
/J-naphthol (1.0). phenol (1.0) and propo.\ur (0.9) 
Bavislin (0.0). 4-chlorophcnol (0-3 cm), o-nitrophenol 10-1.5 cm) and Chiorororm 
phenol (0-2.5 cm) 
Bavistin (0.0). carbaryl (0.0). carbofuran (0-1 cm) and propoxur D:5!iiied water 
(0-2 cm) 
Carbaryl (1.0). carbofuran (1.0). 4-chlorophenol (1.0), 2-naphihoi (1.01 Ethanol 
/3-naphthol (1.0). phenol (1.0) and propoxur (1.0) 
"• Rf values or migration distances (cm) are given in parentheses. 
TABLE II 
SEPARATIONS ACHIEN'ED IN DIFFERENT SOLVENTS ON BARIUM SULPHATE 
Compound* Separated from" Solvent 
Bavistm (0.0) Carbaryl (1.0). carbofuran (1.0). 4-chloVophenol (1.0). 2-naphlhol (1.0). ^-naphthol (1.0). Acetone 
o-niirophenol (1.0). phenol (1.0) and propoxur (1.0) 
Bavistm lO.O) Carbaryl (1.0), carbofuran (1.0), 4-chlorophenol (1.0), i-naphlhol (1.0), ^-naphthol (1.0), Bervzcne 
onitrophcnol (1.0), phenol (1.0) and propoxur (1.0) 
Bavistm (0.0) Carbaryl (1.0). carbofuran (1.0), 4-chlorophenol (1.0), a-naphthol (1.0), ^-naphthoi (1.0). Carbon tetrachloride 
o-nitrophenol (f.O). phenol (l.O) and propoxur (1.0) 
Bavistm (0.01 Carbaryl (1.0), carbofuran (1.0). 4-chlorophenot (1.0). i-naphthol (l.O), /?-naphthol (1.0). Chioroform 
o-nitrophenol (1.0), phenol (1.0) and propoxur (1.0) 
Bavistm (0.01 4-Chlorophcnol (1.0), o-nitrophenol (1.0). phenol (1.0) and propoxur (1.0) Diniiled water 
Baiisein iQ.O] Carbaryl (1.0). carbofuran {l.O), 4-chloropnenol (1.0). 3:-naphthol (l.O), ^-naphiliol (l.O), Ethanol 
* o-nitrophenol (l.O), phenol (1.0) and propoxur (1.0. 
Bavnstm (0.0) Carbaryl (1.0). carbofuran (1.0), 4-chlorophenol (1.0). i-naphthoi (1.0), ^-naphthol (1.0), Ethyl acetate 
o-nitrophcnoi (l.O). phenol (1.0) and propoxur (1.0) 
' Rf values or migration distances (cm) are given in parentheses. 
TABLE III 
SEPARATIONS ACHIEVED IN DIFFERENT SOLVENTS ON CALCIUM CARBONATE 
Compounds" Separated from' Solvent 
Bavistm (0.0) and 





Bavistm (0.0) and 
o-niirophenol (0-4 cm) 
Carbaryl (1.0). carbofuran (1.0), 4-chlorophenol (1.0), a-naphthol (l.O), 
^-naphthoi (1.0), phenol (l.O) and propoxur (l.O) 
Carbaryl (1.0). carbofuran (l.O). 4<hlorophenol (1.0), a-naphthol (1.0). 
^-naphthol (1.0), o-nitrophenol (l.O), phenol (l.O) and propoxur (l.O) 
Carbaryl (l.O), carbofuran (4-7 cm), 4-chlorophenol (2-7 cm), a-naphlhol 
(0.6). ^-naphthol (0.45) and propoxur (0.7) 
Carbaryl (1.0). carbofuran (1.0), 4-chlorophenol (1.0), a-naphthol (l.O), 
^-naphthol (1.0), phenol (l.O) and propoxur (10) 
Carbaryl (1.0), carbofuran (1.0). 4-chlorophenol d.O), a-naphthol (1.0), 
^-naphthol (l.O), phenol (l.O) and propoxur (l.O) 
Carbaryl (1.0). carbofuran (l.O), 4-chlorophenol (1.0), a-i;.iphthoi (1.0), 







Rf values or migration disunccs (cm) art given in parentheses. 
bi( H. 5\ Rmhnr^- and T. Bi-vun, J. Clin.mai,if:r ,<KI • /9V:, 000-1)00 
TABLE IV 
SEPARATIONS ACHIEVED IN DIFFERENT SOLVENTS ON CALCIUM PHOSPHATE 
Compound'' Separated iVom'' SoiNcm 
Bavisiin (0.0) Carbaryi (1.0). carbofuran {1.0), 4-chlorophenol (1.0). 2-naphthol (1.0). /i-naphihol Acetone 
(l.Ol. o-niirophenol (1.0), phenol (1.0) and propo.xur (1.0) 
Bavistin (0.0) Carbaryi (1.0). carbofuran (1.0). 4-chlorophcnol (1.0), a-naphlhol (0.7), //-naphlhoi Ber.zene 
(0.45). onitrophenol (1.0), phenol (0.5) and propoxur (0.6) 
u-Nitrophenoi (0,8) Bavisim (0.0). carbaryi (0-2 cm), carbofuran (0.2). 4-chlorophenol (o.l5). i-naphihol Carbon leirachloride 
(0-2.5 cm). /J-naphthol (0-2 cm), phenol (0-2 cm) and propoxur (0.25) 
Bavistin (0.0) Carbani (1.0), carbofuran (1,0), 4-chlorophenol (1.0), a-naphthol (1.0), /?-naphthol Chloroform 
(1.0). o-nitrophenol (1.0). phenol (1.0) and propoxur (1.0) 
Bavistin (0.0) Carbaryi 11.0). carbofuran (1.0), 4-chlorophenol (1.0), i-naphthol (1.0), /3-naphthol Distilled *ater 
(1,0), o-nilrophenol (1.0), phenol (1.0) and propoxur (1.0) 
Bavistin (0.0) Carbaryi (1.0), carbofuran (1.0), 4-chlorophenol (1.0). z-naphthoi (1.0). /(-naphlhol Ethanol 
(l.Ol, i>-nitrophenol (l.O), phenol (1.0) and propoxur (1.0) 
Bavisiin (0.0) Carbaryi (1.0), carbofuran (1.0), 4-chlorophenol (1.0), 2-naphthol (1.0), /?-naphthoi Ethyl acetate 
(1.0), u-nitrophenol (1.0), phenol (1.0) and propoxur (1.0) 
Rf values or migration distances (cm) are given in parentheses. 
where .r,, .Y ,^ .V3, etc, = measured values. /; = 
average value, .V = number of sets, a = standard 
deviation and R.S.D, = relative coefficient of varia-
tion standard deviation, 
DISCUSSION 
Fig. 1-7 show that amongst the seven adsorbents 
studied aluminium hydroxide gel possesses a critical 
separation potential, i.e.. the pattern of Rf values is 
entirely different to those on barium sulphate, 
calcium carbonate, calcium phosphate and calcium 
sulphate. The TLC behaviours of silica gel G. 
cellulose and aluminium hydroxide gel are very 
similar; the degree of polarity of the adsorbents may 
be responsible for this deviaiion. 
Tables I-VII show that several separations can be 
achieved on these adsorbents. The definite size and 
TABLE V 
SEPARATIONS ACHIEVED IN DIFFERENT SOLVENTS OH CALCIUM SULPHATE 
Comoound' Separated from'' Sol\-enl 
Bavistin (0.0) Carbaryi (1.0). carbofuran (1.0), 4-chlorophenol (1.0), a-naph(hol (1.0). ^-naphthol (LO). Acetone 
onitrophenol (1.0). phenol (1.0) and propoxur (1,0) 
Bavistin (0.0) Carbaryi (1.0). carbofuran (1.0), 4-chlorophenol (1.0), i-naphthol (1.0). ^-naphthol (1.0). Benztne 
f>-nitrophcnoi (1.0), phenol (1.0) and propoxur (1.0) 
Bavistin (0.0) Carbaryi (1.0). carbofuran (1.0), 4-chlorophenol (1.0). :!-naphthol (1.0), /l-naphthol (1,0). Carbon letrachlonde 
o-nitrophcnoi ' i 0). phenol (1.0) and propoxur (1,0) 
Bavistin (0.0) Carbaryi (! .0). carbofuran (1.0). 4-chlorophcnol (1.0). a-naphlhol (1.0). ^-naphihoi (1.0). Chloroform 
(^nit^ophc^ol (1.0). phenol (1.0) and propoxur (1.0) 
Bavistin (0.0) Carbaryi (1.0). carbofuran (1.0), 4-chlorophenol (1.0). a-naphthol (1.0). ^-naphthoi (1.0). Ethyl acetate 
o-mirophcnol (1.0), phcnoU 1.0) and propoxur (1.0) 
• Rf values or migrauon distances (cm) are given in paremheses. 
H. S. Ruilwre uiid T. Beium J. Chr,,mjioi;r 001) flV<^2i ODO-OOI) 
TABLE VI 
SEPARATIONS ACHIEVED IN DIFFERENT SOLVENTS ON CELLULOSE 
Compounds' Seoarated from" SoiM-T.t 
Bavistm (0.0) 
Carbaryl (1.0). 3-naphihoi 
(1.0). ^-naphihoi (LO) 
and propoxur (LO) 
a-Naphlhoi (1.0). ^-naph-
thol (1.0) and propoxur 
(1.0) 
Carbaryl (1.0) and 
propoxur (1.0) 
Propoxiy (1.0) 
Bavistin (0.0) and 
carboi'uran lO.O) 
Bavislin (0.0) 
Bavistin (0-2 cm), carbaryl 
(0-6 cm). 2-naphihoi (0.6) 
and ^-naphihol (0.55) 
Bavistin (0-2 cm) 
Carbaryl (1.0). i-naphthoi 
(1.0). ^-naphthol (1.0) 
and propoxur (1.0) 
Propoxur (1.0) 
Bavistin (0-2 cm) 
Carbanl (1.0) and 
propoxur (1.0) 
Bavistm (0-1 cm), carbaryl 
(0-6 cm), i-naphlhol (0.6) 
and ^naphihol (0.5) 
Bavistin (0-1 cm) 
Carbaryl (1.0). chlorophenol (1.0). a-naphihol (i.O). /f-naphlhoi (1.01. 
o-nitrophenol (1.0) and propoxur (1.0) 
Bavistin (0.0). carbofuran (0.0). 4-chlorophenol (0.0). o-nitrophcnol (0.0) 
and phenol (0.0) 
Bavistin (0.0). carbofuran (0.0). 4-chlorophenol (0.0). y-nitrophenol (0.0) 
and phenol (0.0) 
Bavistin (0.0). carbofuran (0.0). 4-chlorophenol (0.0), a-naphthol (0.0), 
/J-naphthol (0.0). o-nitrophenol (O.U) and phenol (0.0) 
Bavistin (0.0). carbofuran (0.0), 4<hlorophenol (0.0) and o-nitrophenol (0.0) 
Carbaryl (1.0). 4-chlorophenol (1.0). a-naphihol (1.0). /i-naphthoi (1.0) and 
and propoxur (1.0) 
Carbaryl (1.0). carbofuran (1.0), 4-chlorophenol (1.0), i-naphthol (1.0), 
;J-naphthol (1.0), o-nitrophenol (1.0), phenol (I.O) and propoxur (1.0) 
Carbofuran (1.0). o-nitrophenol (1.0). phenol (1.0) and propoxur (1.0) 
j-Naphthol (0.6) and ^-naphthol (0.55) 
Bavistin (0.0). carbofuran (0.0). 4<hlorophenol (0.0) and o-nitrophenol (0.0) 
Bavistin (0.0). carbofuran (0.0). 4-chlorophenol (0.0), o-nitrophenol (0.0) 
and phenol (0.0) 
Carbaryl (i.O), carbofuran (1.0), 4-chlorophenoi (I.O), i-naphthoi (I.O), 
li-naphlhol (I.O). o-nitrophenoi (I.O). phenol (I.O) and propoxur (1.0) 
Bavistin (0.0), carbofuran (0.0), 4-chlorophenoi (0.0), a-naphthol (0.0), 
^-naphlhol (0.0). o-nilrophenol (0.0) and phenol (0.0) 
Carbofuran (1.0). 4-chlorophenol (1.0). o-nilrophenol (I.O), phenol (1.0) 
and propoxur (1,0) 
















' Rf values or migration distances (cm) are given in parentheses. 
TABLE VII 
SEPARATIONS ACHIEVED IN DIFFERENT SOLVENTS ON SILICA GEL G 





Carbofuran tO.O) and 
propoxur (0-1.5 cm) 
Bavistin (0-i an) 
Bavistm (0.0) 
Carbaryl (1.0), carbofuran (0.9), 4-chlorophenol (I.O), a-naphthol (I.O). /?-naphthol Acetone 
(1.0) o-nilrophenol (1.0), phenol (i.O) and propoxur (1.0) 
Bausun (0.0). carbaryl (0.45), carbofuran (0.0). 4-chlorophenol (0.30). a-naphthol Benzene 
(0.35). /?-naphthol (0.30), phenol (0.30) and propoxur (0-1 cm) 
Baustin (0.0), carbaryl (0-0.05 cm), carboi'uran (0.05), 4-chlorophenol (0-0.05 cm). Carbon tetrachloride 
phenol (0.0) and propoxur (0-1 cm) 
Bjvisim (0.0). carbaryl (0.4) carbofuran (0.6), 4-chiorophenol (0.45). i-naphlhol dJorofom-r 
(045), ^-naphlhol (0.50), phenol (0.35) and propoxur (1-0.5 cm) 
4-Chlorophenol (1.0), o-nilrophenoi (1.0) and phenol (I.O) Distilled water 
Carbaryl (I.O), carbofuran (0.9), 4-chlorophenol (0.9), a-naphthol (I.O), ^-naphthol Elhanol 
(1,0) o-nitrophcnol (0,75), phenol (1.0) and propoxur (I.O) 
Carbaryl (I.O), carbofuran (1.0), 4-chlorophenol (1.0), a-naphthol (1.0). ^-naphthol Ethyl acetate 
(1.0) o-nitrophenoi (1.0). phenol (I.O) and propoxur (I.O) 
Rf values or migration dbtances (cm) arc given in parentheses. 
TABLE VlII 
ANALYTICAL PARAMETLRS FOR QUANTITATIVE SEPARATIONS OF CARBARYL FROM OTHER PESTICIDES ON 
CELLULOSE 
Amount of CJrbar\i Separalcd 
applied (//g) fronr' 
Carbaryl 
found (/ig) 


















































0.136 r 0.0058 
0.250 -O.OIO 
0.393 X 0.0057 
1.254 ±0.0€66 
0.133 z 0.011 
0.26 iO.OI 
0.393 ± 0.0208 
0.526 ±0.0231 
0.133 ±0.00578 
0.256 T 0.0058 
0.386 r: 0.0058 
0.523 ±0.0057 
0.133 ±0.0057 
0.266 ± 0.0058 
0.393 ±0.0115 

















' 5 /jg in each instance. 
' .V = 4. 
shape of the spots obtained on the TLC plates are 
shown in Fig. 8. The analytical data in Table VIII 
show that cellulose is a good TLC material for the 
clean-up and separation of carbaryl from other 
materials. TLC detection on cellulose was found to 
be much more sensitive than that on the other 
adsorbents. Table IX shows that the development is 
fast on cellulose (10 min) but very slow on barium 
sulphate (1020 min) in carbon tetrachloride. The 
development times with the different adsorbents 
TABLE IX 
TIME REQUIRED FOR ASCENDING CHROMATOGRAM (10 cm) IN DIFFERENT SOLVENTS 
Coating 






Silica gel G 
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Fig. j . Separations of some carbamme pesticides and related 
compounds on cellulose (1-XVIIl) and silica gel G (XlX-XXVl) 
mih (he developers elhanol (I-V[H), chlorobenzene (IX-XVHI) 
anti chloroform (XIX-XXVI). 1 = Carbaryl; 2 = carbcndazim: 
5 = carbofuran; 4 = propoxur; 5 = phenol; 6 = 4<hlorophenol: 
7 = o-ni(ropnenol: 8 = a-naphihoi; 9 = /7-naphthol. 
increase in the order cellulose < calcium sulphate < 
caiaum phosphate < calcium carbonate < silica gel 
G < alummii:Ti hydroxide gel < barium sulphate 
and the sequence of development with different 
solvents is acetone < eth>l acetare < distilled 
water < benzene < chloroform < carbon tetra-
chloride < ethanol. 
Barium sulphate, calcium sulphate, calcium phos-
phate and cellulose have a good analytical potential 
as TLC materials for carbamate pesticides. 
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Calcium sulfate has been used as a coating material for TLC 
separations of alkali metals, indium, gallium, thallium, ger-
manium, and molybdenum ions and also organics such as car-
boxylic acids, fatty acids, herbicides, lipids, and related com-
pounds. TLC on calcium sulfate has been performed by different 
procedures, namely, two-dimensional, sequential, reverse 
phase, etc. in different solvents such as water, electrolytic solu-
tions, acetone, benzene, ethyl acetate, chloroform propanol, and 
carbon tetrachloride. 
1 Introduction 
During the last five years TLC has retained its status as a valid 
and simple method for qualitative and quantitative analysis of 
a wide variety of compounds. IVlany papers in this area origi-
nate from researchers in the lesser developed countries. This 
is due to the scarcity of sophisticated instrumentation and the 
limited numoer of repair facilities in these countries. Hence, it 
seems that TLC is the separation technique of third world 
countries [1]. 
Over the last decade TLC has been widely used for analyzing 
lipids, tercenoids and essential oils, vitamins, steroids, 
alkaloids, oharmaceuticals. drugs and antibiotics, clinical 
medicines, piant extracts, food additives, pesticides, proteins 
and amino acids, nucleotides and nucleic acids, sugars, and 
inorganics [2]. 
During the last five years most applications of TLC have again 
been reported for drugs and pharmaceuticals. Interest con-
tinues to-be high in fundamental studies of the mechanism, 
theories, and optimization of TLC as well as in some less 
routine techniques such as over pressurized (OPLC), two-
dimensional (TDTLC), multiple development or sequential 
(STLC), ion pair (IPTLC), and reverse phase thin layer 
H. S. Rathore, i, Ali, S. Gupta, and T Begum, Department of Applied Chemis-
try, Zakir Hussain College of Engineenng & Technology, Aligarfi Muslim Univer-
sity, Aligarti-202001, India. 
chromatography (RPTLG). Nevertheless, a majority of papers 
are published on conventional, one-dimensional, ascending 
development of layers with binary and ternary organic or 
organic-aqueous mobile phases. TLC on rods with flame ioni-
zation detection has been reported in a large number of pa-
pers on the determination of lipids or hydrocarbons [3]. 
Older TLC coating materials have been studied with 
approaches in new mixed solvents. Some new coating mate-
rials have also been added. The materials reported in the last 
five years are summarized as inorganic adsorbents, organic 
adsorbents and ion exchangers [3-13]. 
A literature survey shows that most of the work has been 
performed on silica gel layers, and to a lesser extent by 
chemically bonded reversed-phase (RP) layers, cellulose lay-
ers impregnated with various reagents, ion exchangers, poly-
amides, and alumina. 
2 Calcium Sulfate as a TLC Material 
in comparison to other adsorbents calcium sulfate is less 
familiar. Recently it has been used for separating a wide vari-
ety of compounds. Calcium sulfate hemihydrate, 2 CaS04 • 
H2O (plaster of Paris), readily absorbs more water to form the 
sparingly soluble calcium sulfate dihydrate CaS04 • 2 H2O 
(gypsum) [14, 15]. The mineral gypsum has a complex layer 
structure in which the layers are bound together by very weak 
hydrogen bonds between the water molecules and the oxy-
gen atoms of sulfate ions. Each water molecule is bonded to 
a Ca^^ and a sulfate oxygen atom of one layer, and to a 
sulfate ion oxygen atom of an adjacent layer [16]. It is partly 
dehydrated at 100-150 °C. Hence, the adsorption sites in 
gypsum are apparently hydroxyl groups. 
Calcium sulfate is slightly soluble in water (0.2080 g per 
100 ml at 25 °C), slowly soluble in glycerol, and practically 
insoluble in most organic solvents [14]. Silica gel G, the most 
widely used adsorbent in thin layer chromatography, is pre-
pared by thoroughly mixing Mallenck's silicic acid of 200 
© 1989 Dr. Alfred Huethig Publishers Journal of Planar Chromatography 119 
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mesh with 10 to 15% of freshly calcinated calcium sulfate. 
Calcinated calcium sulfate can be prepared by heating rea-
gent grade calcium sulfate dihydrate at 180°C for 24 to 48 h 
[17]. Gypsum is used for TLC, and its separation effect is 
based mainly on coordination bonds and association of 
dipoles [18]. 
It is well known that Ca "^" ions give complexes with oxygen 
chelate compounds; among the most important are those of 
the ethylenediaminetetraacetate (EDTA) and polyphosphate 
types. The complex forming nature of Ca^* was utilized for 
the removal of Cs?* from water as well as for the analysis, i.e. 
volumethc estimation, of calcium using EDTA [19]. These 
facts show that calcium sulfate dihydrate has a good analyti-
cal potential. The aqueous slurry of calcium sulfate can be 
coated on glass plates easily. The main advantage of such 
plates is that they can be mechanically washed like paper 
chromatograms, and spray reagent systems can be used 
successfully [17]. 
3 Applications 
Calcium sulfate dihydrate is less familiar as a thin layer 
chromatography coating material. Recently, it has been used 
for separating a number of organics and inorganics by differ-
ent procedures; namely, TLC, RPTLC, STLC, and TDTLC in 
various inorganic and organic solvent systems. Work which 
has been reported so far is summanzed in the form of tables 
and short discussions. 
3.1 Separation of Inorganic Compounds 
Thin layers of alumina, anion exchange resins (KU-2 or AV-
17], and gypsum have been used for the separation of 
indium, gallium, thallium and germanium in a solution of 
hydrochlonc acid containing sodium fluoride. Detection has 
been done by a sodium sulfate solution. Microdeterminations 
of alkali metals have been done on plates coated with 
alumina G and gypsum (10%) developed in 0.5 M hydro-
chlonc acid solution. Detection of sodium has been done by 
zinc uranyl acetate under a UV lamo. and that of potassium 
by sodium cobaltinitrite and methanol (2:1). Separations of 
molybdate. pertechnate, iodate. icaide, and ruthenate ions 
have been done on thin layers of aiumina and gypsum (5%); 
developed in methanol + ammonium (28%) (10:10), and 
water + ammonia (28%) (10:1). Detection of molybdate and 
pertechnate ions has been done DV K4Fe(CN)6 (10%) in 5 N 
HCI solution, and detection of iodate ion has been done by a 
starch - HCI solution. Iodide and ruthenate ions give dark 
spots by themselves. Autoradioaraohy has also been used 
[5], 
3.2 Separation of Organic Compounds 
3.2.1 Car boxy lie Acids 
Paper chromatographic separations of 34 organic acids on 
calcium carbonate, as well as calcium sulfate impregnated 
papers, were developed [20]. Amino acids, dicarboxylic 
acids, keto acids, thcarboxylic acids, and their derivatives 
were separated in common solvents; such as, acetone, etha-
nol and distilled water, and aqueous solutions of ammonium 
chloride, calcium nitrate, or sodium chloride. Some of the 
important separations of the group are given in Table 1. 
Thin layer chromatographic behavior of 30 organic acids on 
coatings of calcium sulfate containing charcoal, p-dimethyl-
amine-benzaldehyde, fly ash, silica gel G, etc. has been 
studied (Table 2 and 3). Plant growth regulators (benzoic, 
cinnamic, gallic, /3-naphthaleneacetic, /3-naphthoxyacetic, 
and indole-3-acetic acids), and herbicides (phenoxyacetic 
acid) have been separated from one another and from several 
other organic acids [13]. Thin layer chromatographic behavior 
of ten acids on coatings of calcium sulfate containing 
ammonium molybdate, aluminium oxide, calcium carbonate, 
copper sulfate, ferric chloride, magnesium sulfate, titanium 
oxide, zinc oxide, etc. has been studied (Table 3). Quantita-
tive separation of citric acid from trichloroacetic acid has 
been achieved on calcium sulfate containing zinc oxide in 
ethyl acetate [11]. A mixture of barium sulfate and calcium 
sulfate has been shown to be a good TLC material (Table 4) 
for the detection and quantification of a variety of carboxylic 
acids known to be plant growth regulators, and carboxylic 
acids of importance in the citrus fruit industry [7]. 
3.2.2 Fatty Acids 
The layer for reverse phase chromatography is normally pre-
pared by slowly immersing a dry chromatoplate of silica gel 
G. Kieselguhr or gypsum into a solution of the stationary 
phase in light petroleum. Critical pairs of fatty acids have 
been separated by reverse phase chromatography on layers 
of gypsum impregnated with undecane after hydrogenating 
or brominating the unsaturated acids on the plates [21]. 
3.2.3 Herbicides 
TLC on calcium sulfate coated glass plates for the separation 
of herbicides, fungicides, and other organic acids occurnng 
in fruit juices has been studied in common solvents: such as, 
chloroform, carbon tetrachloride, ethyl acetate, benzene, and 
distilled water. Some of the quaternary and ternary separa-
tions achieved are given in Tables 5, 6 and 7 [12]. Separa-
tions .and identifications of carboxylic herbicidal substances 
such as 2,4-dichlorophenoxyacetic acid, trichloroacetic acid, 
2,4,5-trichlorophenoxyacetic acid, and plant growth reg-
ulators (e.g., benzoic acid, cinnamic acid, indole-3-acetic 
acid, /3-naphthaleneacetic acid, /3-naphthoxyacetic acid, and 
phenoxyacetic acid) have been done by STLC on calcium 
sulfate layers (Tables 8 and 9) with acetone, benzene, carbon 
tetrachloride, chloroform, ethyl acetate, dioxane, and pro-
panol as solvents and bromophenol blue as the detector [9]. 
Separation and detection of acid herbicides including: 
4-chlorophenoxyacetic acid, 2,4-dichlorophenoxyacetic 
acid, phenoxyacetic acid, 2,4,5-trichlorophenoxyacetic acid, 
trichloroacetic acid, and plant growth regulators (e.g., ben-
120 VOL 2, APRIL 1989 Journal of Planar Chromatography 
Review: Chromatographic Characteristics of Calcium Sulfate 
zoic acid, cinnamic acid, gallic acid, indole-3-ac8tic acid, 
indoie-3-propionic acid, a-naphthaleneacetic acid, /3-naph-
thaieneacetic acid, and /3-naphthoxyacetic acid) have been 
done by iPRP-TLC (Tables 10 and 11). The coatings were 
calcium sulfate impregnated with an ion-pair reagent (cet-
rimide) and different oils; for example, coconut oil, olive oil, 
paraffin oil, and silicon oil; while using distilled water as a 
solvent and bromophenol blue as a detector [10]. 
3.2.4 Lipids and Related Compounds 
Layers prepared from pure calcium sulfate have been used 
for the separation of steroids and lipids [17]. Gypsum is used 
for thin layer and column chromatographic studies demon-
strating its suitability for separation of compounds differing in 
the number of double bonds, stereoisomers, and compounds 
with a small number of functional groups with differing steri-
cal accessibility. Gypsum has also been used for the separa-
tion of lipids [18]. 
4 Mechanism of Separation 
The separation of compounds by TLC may involve adsorp-
tion, partition, ion-exchange, or restricted diffusion (gel 
permeation). In the case of calcium sulfate, partition {i.e. solu-
bility in developer) plays an important role because com-
pounds of low solubility (less than 0.1 g/IOOmI) in water, 
such as cinnamic acid and /3-naphthaleneacetic acid, have flf 
values of zero while compounds of solubility more than 0.2 g/ 
100 ml have R, values of one (Table 12). 
5 Conclusion 
Calcium sulfate is a promising thin layer chromatography 
adsorbent for the separation of a wide variety of comoounds. 
It may be more useful for separating ionic compounds (espe-
cially blood metabolites) in buffer solutions. Unfortunately, 
this type of chromatographic study has not been made on 
calcium sulfate to date. 
Table 1 
Binary separations on papers Impregnated with calcium sulfate and calcium carbonate. 




















MA and malonic acid 
ascorbic acid, GA, and salicylic acid 
ascorbic, malic, quinic, and salicylic acids 
ascorbic acid, CT, GA, trisodium salt of isocitric CaCO; 
acid, malic acid, quinic acid, and TA 
alanine, /-aspartic acid, /-cystine, glutamic acid. CaCOj 
and glycine 
/-aspartic acid CaCOs 
/-cystine CaCOj 
arginine HCI and glutamic acid CaCOj 
or-ketoglutarlc and uric acids 
ar-ketoglutaric add 
barbituric acid 






1 Maq. NaCI. 0.5 Maq. 
NaCI. 0.1 Maq. NH.CI.or 
ethanol 
1 M aq. NaCI. 0.5 M aq. 
NaCI 
0.1 M Ca(N03)2 in Drop-







c;s-aconitlc acid frans-aconitic acid CaCO, 
Water 
50% aq. acetone 
0.1 M aq. NaCI 
0.1 M aq. NaCI 
ethanol 
0.5 M aq. NaCI 
0.1 M aq. NaCI 
acetone, chloroform, 
ethanol, propanol. 50% 
ethanolic acetone. 0.1 M 
Ca(N03)2 in acetone, or 
0.1 M Ca (NO^ in propanol 
0.5 M aq. NaCI 
Abbreviations: citric acid - CT, gallic acid - GA, maleic acid - MA and tartanc acid - TA. 
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Table 2 
3inar/ seoarations on calcium suifata coatings by PTLC. 
E.xamola Acid Seoarated from Solvent 
1 CIN(O), NPA(O), NPX(O) 
2 BE(I.O), CIN(1.0), NPA(I.O) 
3 CT(0), OX(0), TA(0) 
4 CT(0), OX(0), TA(0) 
5 CT(0), MA(0.3), OX(0), TA(0-2) 
6 NPX(8-10) 
CT(I.O), GA(I.O), MA(I.O), OX(I.O), TA(I.O), TCA(I.O) 
CT(0), CiN(O), GA(0), iAA(O), MA(0), OX(0), TA(0) 
BE(I.O), CiN(I.O), 2,4-0(1.0), lAA(I.O), PHX(I.O), TCA(I.O), 
2,4,5-T(1.0) 
BE(I.O), CIN(I.O), 2,4-D{1.0), GA(I.O), lAA(I.O), NPA(1.0), 










Abbreviations: oenzoic acid-BE. cinnamic acid-CIN, 2,4-G:ctilorophenoxyacetic acid-2.4-D, indole-3-acetic acid-IAA, /3-napfithaleneacetic acid-NPA. /3-naphtho-
xvacetic £cid-NPX. oxalic acid-OX, phenoxyacetic acid-PHX. tnchloroacetic acid-TCA. 2.4,5-trichloropheroxyacetic acid-2,4,5-T. R, values are given in parentheses 
for tfie tailing front limit (Rl) and ttie rear limit (RT). Other apDreviations used are defined in Table 1. 
Table 3 



















C1N{0), lAA(O), NPA(O), NPX(O) 
CIN(O), lAA(O), NPA(O), NPX(O) 




CaSO^ + 1 % 
fly ash 
CaSOa + 5% 
charcoal 
CaS04 + 1 % 
CaCOj 
CaSO^ + 1 % 
ZnO 
CaS04+ 1 % 
ZnO 
CaS04 + 1 % 
ZnO 














BE{0.65), CT(1.0), GA(0.9), MA(0.9), 0X(1.0), 
PHX(0.65), TA(0.9), TCA(0:9) 
MA(1.0), 0X(1.0) 
OX(1.0) 
BE(I.O), CIN(I.O), NPA(I.O), NPX(I.O), PHX(1.0) 
BE(0.9), GIN(0.9), PHX(0.8), TCA(0.95) 
BE(0.95), C1N{0.95), NPA(I.O), TCA(0.9) 
BE(0.95), NPA(0.95), NPX(0.95), TCA(0.95) 
CT(I.O), OXd.O), PHX(0.7), TCA(1.0) 
BE(0.9), CT(I.O), OX(0.9), PHX(0.65), TCA(0.85) 
Abbreviations used are defined in Tables 1 and 2. 
Table 4 
Binary separations on calcium sulfate mixed with barium sulfate coatings by PTLC. 
i.xampie .Acids Separa^d from Coating material Solvent 
1 CT(0), CIN(3-6). MA(0), OX(0), NPA(0.62), NPX(0.65) 
TCA(O) 
2 CIN(O), lAA(O), NPA(O), NPX(O) CT(1.0). MA(I.O), OX(I.O), 
PHX(1.:). TA(1.0) 
3 CIN(1.0), MA(I.O) CT(0), CX(0), TCA(O) 
CT(0), OX(0), TA(0) CIN(1.G!!.IAA(1.0),MA(1.0), 
NPA(I.C). NPX(I.O), PHX(I.O) 
CaSO4 + BaSO4{70:30) 
CaS04 + BaS04 (Any ratio) 
1) BaS04 
2)CaSO4 + BaSO4(70:30) 
3)CaSO4 + BaSO4(50;50) 





Abbreviations used are defined In Tables 1 and 2. 
i'J*} 
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Table 5 
Ternary separations on calcium sulfate coatings by TDTLC. 





















TCA(1,1); and CT(1,0), GA(1,0), MA(1,0) and TA(1,0) 
2,4-D|1,1); and CT(1,0), GA(1,0) and MA(1,0) 
TCA(1,1); and CT(1,0), GA(1,0), MA(1,0) and OX(1,0) 
2,4-0(1,1); and CT(1,0), GA(1,0), MA(1,0) and OX(1,0) 
IAA(0,1); and CT(1,0), 2,4-0(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
IAA(0,1); and BE(1,0), 01(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPA(0,1); and BE(1,0), CT(1,0), GA(1,0), MA(1,0) and OX(1,0) 
NPA(0,1); and BE{1,0), CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and BE(1,0), CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and BE(1,0), CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
benzene and distilled water 
benzene and distilled water 
benzene and distilled water 
benzene and distilled water 
chloroform and distilled 
water 
chloroform and distilled 
water 
chloroform and distilled 
water 
chloroform and distilled 
water 
chloroform and distilled 
water 
chloroform and distilled 
water 
Abbreviations used are defined in Tables 1 ana 2. 
Table 6 
Ternary separations on calcium sulfate mixture by TDTLC. 
Example Acid Separated from Coating 
material 
CaS04 +1 % 
AljOj neutral 
CaS04 +1 % 
AUOj neutral 
CaS04 +1 % 
AI2O, neutral 
CaS04 + 1 % 
Al,03 neutral 
CaS04 + 1 % 
AUO1 neutral 
CaS04 + 1 % 
AUG, neutral 
CaS0,+ 1 % 
Al-O, neutral 
CaS04 +1 % 
Al;03 neutral 
CaS04 + 1 % 
Al-O, neutral 
CaS04 +1 % 
AUO3 neutral 
CaS04 + 1 % 
CaC03 
CaS04 +1 % 
CaCOj 
CaS04 +1 % 
CaCOj 
CaS04 + 1 % 
CaCOa 
CaSO^ + 0.5% 
p-DAB 
Solvent system 
benzene and distilled 
water 
chlorofonn and distilled 
water 
chloroform and distilled 
water 
chlorofomn and distilled 
water 
ethyl acetate and distilled 
water 
ethyl acetate and distilled 
water 
ethyl acetate and distilled 
water 
ethyl acetate and distilled 
water 
ethyl acetate and distilled 
water 
ethyl acetate and distilled 
water 
carbon tetrachloride and 
distilled water 
Carbon tetrachloride and 
distilled water 
carbon tetrachloride and 
distilled water 
carbon tetrachloride and 
distilled water 

































IAA(1,0); and CT(1,0), MA(1,0) and TA(1,0) 
NPA(0,1); and GA(1,0), MA(1,0) and TA(1,Q) 
NPX(0,1); and CT(1,0), GA(1,0), MA(1,0) and TA(1,0) 
GA(1,1); and CIN(O.I), IAA(0,1), NPA(0,1) and NPX(0,1) 
PHX(0.7, 1): and CIN(0,1), IAA(0,1). NPA(0,1) and NPX(0,1) 
TCA(0.7, 1); and CIN(0,1), IAA(0,1), NPA(0,1) and NPX(Q,1) 
GA(0.7, 1); and CIN(O.I), IAA(0,1), NPA(0,1) and NPX(O.I) 
PHX{0.5, 1); and lAA(O.I), and NPX(a.l) 
TCA(1,1); and CIN(0,1) and IAA(0,1) 
BE(0,1); and CT(1,0), GA(1,0), MA(I.O) and TA(1,0) 
2,4-0(0,1): and CT(1,0), GA(1,0), MA(1,0) and TA(1,0) 
NPA(0,1); and CT(1,0), GA(1,0), MA(1,0) and TA(1,0) 
PHX(0,1); and CT(I.O), GA(1,0). MA(1,0) and TA(1,0) 
NPA(0,1); and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
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Table 6 
Continued. 












































CIN(0,1); and GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
CIN(0,1); and CT(1,0), GA(1,0), MA(1,0) and TA(1,0) 
NPA(0,1); and GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPA(0,1); and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and CT(1,0), GA(1,0), MA{1,0) and OX{1,0) 
GIN(0,1); and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
CIN(0,1); and CT(1,0), MA(1,0), GA(1,0) and TA(1,0) 
CIN(0,1); anct-CT(1,0), GA(1,0), Ma(1,0), OX(1,0) and TA(1,0) 
CIN(0,1); and CT(1,0), GA(1,0), MA(1,0) and TA(1,0) 
CIN(O.I); and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
lAvA(O.I); and MA(I.O), OX(1,0) and TA(1,0) 
lAA(O.I); and GT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA{1,0) 
NPA(O.I); and GA(I.O), MA(1,0) and TA(1,0) 
lAA(O.I): and CT(I.O), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and GA(I.O), MA(1,0) and TA(1,0) 
NPA(0,1); and CT(I.O), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPA(O.I); and CT(1,Q), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
NPX(0,1); and CT(1,0), GA(1,0), MA(1,0), OX{1,0) and TA(1,0) 
NPX(O.I): and CT(1,0), GA(1,0), MA(1,0), OX(1,0) and TA(1,0) 
CaSO4 + 0.5% benzene and distilled 
p-DAB water 
CaS04 + 0.5% benzene and distilled 
p-DAB water 
CaSO, + 0.5% benzene and distilled 
p-DAB water 
CaSO4 + 0.5% benzene and distilled 
p-DAB water 
CaSOi + 0.5% benzene and distilled 
p-DAB water 
CaSO4 + 0.5% benzene and distilled 
p-DAB water 
CaSOi + 0.5% benzene and distilled 
p-DAB water 
CaS04 + 0.5% chloroform and distilled 
p-DAB water 
CaS04 + 0.5% chlorofonn and distillea 
p-DAB water 
CaS04 + 0.5% ctiloroform and distillec 
p-DAB water 
CaS04 + 0.5% chloroform and distillec 
p-DAB water 
CaS04 + 0.5% chloroform and distilled 
p-DAB water 
CaSOj + 0.5% chloroform and distillec 
p-DAB water 
CaS04 + 0.5% chloroform and distillec 
p-DAB water 
GaS04 + 0.5% chlorofonn and distillec 
p-DAB water 
CaSO, + 0.5% chloroform and distillec 
p-DAB water 
CaSOj + 0.5% chloroform and distillec 
p-DAB water 
CaS04 + 0.5% chlorofonn and distillec 
p-DAB water 
CaSOi + 0.5% chlorofonn and distillec 
p-OAB water 
CaS04 + 0.5% chlorofonn and distillec 
p-DAB water 
CaSG4 + 0.5% chlorofonn and distillec 
p-DAB water 
Abbreviations used are defined in Tables 1 and 2. 
Table 7 




CIN(O.I); IAA(0,0); and CT(1,0), MA(1,0), OX(1,0), TA(1,0) and TGA(1,0) 
Solvent system 
Carbon tetrachloride arte 
distilled water 
Abbreviations used are defined in Tables 1 and 2. 
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Table 8 
Binary separations on calcium sulfate coatings by STLC. 










BE(1.0), CIN(1.0), GA(1.0), IAA(1.0), NPA(1.0), NPX(1.0), 
PHX(1.0)andTCA(1.0) 
BE(1.0), CIN(1.0), GA(1.0), IAA(1.0), NPA(1.0), NPX(1.0), 
PHX(1.0) and TCA(1.0) 
BE(1.0), GA(1.0),TCA(1.0) 
CIN(I.O), NPA(1.0), NPX(I.O), PHX(I.O) 
IM{0-5) and MA(0-3) 
CT(0-2) and MA{0-3) 
CT(0-2), OX{0) and TA(0) 
MA(0-3) 
IAA(0-5) and MA(0-3) 
10 2,4,5-1(8-10) MA(0-3) 
dioxane (5 cm) followed by ethyl acetate (10 cm) 
dioxane (5 cm) followed by ethyl acetate (10 cm) 
dioxane (5 cm) followed by ethyl acetate (10 cm) 
chloroform (5 cm) followed by ethyl acetate (10 cm) 
carbon tetrachloride (5 cm) followed by chloroform 
(10 cm), ethyl acetate (5 cm) followed by chloroform 
(10 cm), chloroform (5 cm) followed by benzene (10 cm) 
chloroform (5 cm) followed by benzene (10 cm), or 
propanol (5 cm) followed by benzene (10 cm) 
chloroform (5 cm) followed by ethyl acetate (10 cm), or 
dioxane (5 cm) followed by ethyl acetate (10 cm) 
chloroform (5 cm) followed by benzene (10 cm) 
chloroform (5 cm) followed by benzene (10 cm), propanol 
(5 cm) followed by benzene (10 cm), or propanol (5 cm) 
followed by carbon tetrachloride (10 cm) 
propanol (5 cm) followed by benzene (10 cm) 
Abbreviations used are defined in Tables 1 and 2. 
Table 9 
Ternary separations on calcium sulfate coatings by STLC. 




























MA(0.5) and NPA(1.0) 
MA(0..5)and NPX(I.O) 
NPX(0.51andGlN(8-10) 
ethyl acetate (5 cm) followed by carbon tetrachloride (10 cm) 
ethyl acetate (5 cm) followed by carbon tetrachloride (10 cm) 
chloroform (5 cm) followed by ethyl acetate (10 cm) 
ethyl acetate (5 cm) followed by carbon tetrachloride (10 cm) 
ethyl acetate (5 cm) followed by carbon tetrachloride (10 cm) 
acetone (5 cm) followed by benzene (10 cm) 
acetone (5 cm) followed by benzene (10 cm) 
ethyl acetate followed by chloroform (10 cm) 
propanol (5 cm) followed by chloroform (10 cm) 
ethyl acetate (5 cm) followed by benzene (10 cm) 
Abbreviations used are defined in Tables 1 and 2. 
Table 10 
Ternary separations on calcium sulfate mixtures by IPRPTLC in distilled water. 
Example Acid Separated from Coating matenal 
1 CIN(O) 2.4-0(5-7) and GA(1.0), and TCA(1.0) 
2 CIN(O) 2.4,5-1(3-5); and GA(1.0), NPX(1.0), and TCA(1.0) 
3 NPX(O) 2.4-0(0.5); and BE(1,0), CIN(1.0), and TCA(1.0) 
4 NPA(O) 2.4-0(0.2); and PHX(9-10) 
5 2.4,5-1(0-1) 2.4-0(2-3); and GA(1.0), PHX(1.0), and TCA(1.0) 
6 2,4,5-T(0-2) BE(5-6);andGA(1.0), PHX(I.O), andTCA(I.O) 
7 2.4,5-1(1-2) IAA(0.7);andGA(1.0), PHX(9-10), andTCA(I.O) 




A. B and D 
B and 0 
A and B 
Band D 
A 
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Table 10 
Continued. 













BE(4-6); and NPX(I.O), PHX(I.O), TCA(I.O), and GA(I.O) 
BE(3-5); and GA(I.O) and PHX(I.O) 
IAA(3-5); and GA(1.0) and PHX(1.0) 
IAA(3-5); and GA(I.O), PHX(I.O), TCA(I.O), and BE(I.O) 
BE(0.3); and PHX(9-10) 
IAA(6-7); and GA{1.0), PHX(I.O), and TCA(I.O) 
G and B 
B 
8 
B and D 
A, B, and D 
B 
Coatings used: coating A, calcium sulfate (30 g) + 1 % ethanolic solution of cetrimide (5 ml) + coconut oil (2 ml) + DW (70 ml): coating B, calcium sulfate (30 g) +1 % 
ethanoiic solution of cetrimide (5 ml) + olive oil (2 ml) + DW (70 ml); coating C, calcium sulfate (30 g) + 1 % ethanolic solution of cetrimide (5 ml) + paraffin oil (2 ml) + 
DW (70 ml); and coating D, calcium sulfate (30 g) + 1% ethanolic solution of cetrimide (5 ml) + silicon oil (2 ml) + DW (70 ml). 
Abbreviations used are defined in Tables 1 and 2. 
Table 11 
Quaternary separations on calcium sulfate mixtures by IPRPTLC in distilled water. 











BE(2-3); IAA(0.8); and NPX(1.0) 
2,4-0(2-3); IAA(5-7); and GA(I.O), PHX(1.0), and TCA(I.O) 
2,4-0(2-3); IAA(5-6); and GA(9-10) and PHX(9-10) 
2,4-0(2-3); BE(0.6); and TCA(I.O) 






Coatinas are defined in Table 10, and abbreviations used'are defined in Tables 1 and 2. 
Table 12 
Physical constants [22, 23] and R, values of some carboxylic acids on calcium sulfate. 




Solubility in alcohol 
































6.3 X 10"* 
8.4 X 10"^  
1.5 X 10"' 
6.8 X 10"' 
6.5 X 10-^ 
1.1 X IQ-^ 
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Summary 
The chromatographic behavior of carboxylic acid herbicides and 
plant growth regulators, such as benzoic, chlorophenoxyacetic, 
2,4-dichlorophenoxyacetic, gallic, indole-3-acetic, indole-3-pro-
plonic. o-naphthaleneacetic, J-naphthaleneacetic, /:f-naph-
thoxyacetic, trichloroacetic, and 2,4,5-trichlorophenoxyacetic 
acids, and dalapon, has been studied on plain papers and 
papers impregnated with ion-pair reagent (cetrimide) and/or 
reversed phase reagent (paraffin oil). 
The important separations achieved include chlorophe-
noxyacetic. 2.4-dichlorophenoxyacetic, trichloroacetic, and 
2.4,5-trichlorophenoxyacetic acids, and dalapon from benzoic, 
gallic, indole-3-acetic, indole-3-propionic, ti^naphthaleneacetic, 
and ;-naphthaleneacetic acids: and trichloroacetic acid from 
chlorophenoxyacetic, phenoxyacetic, and 2,4,5-trichlorophe-
noxyacetic acids and dalapon. 
1 Introduction 
Previous work [1] has shown that good separations of 
organic acids, including di- and tricarboxylic acids, amino ac-
ids, keto acids, and their derivatives, may be obtained on 
papers impregnated with calcium carbonate and calcium 
sulfate: the same acids can also be separated by elec-
trophoresis on papers impregnated with calcium sulfate [2]. 
Papers impregnated with the hydroxides of aluminum and 
cadmium have been used for the separation of benzoic, 
citric, gallic, nitrobenzoic, quinic. and tartaric acids [3] and 
Pain and Pal [4] used paper chromatography to separate in-
dole-3-aceiic acid from honey with propanol - aqueous am-
monia - water (10 -i- 1 + 1. Wi/) or ethane! (70 %) as mobile 
phase. 
As a continuation of previous work we have investigated the 
separation potential of ion-pair paper chromatography, re-
H.S. Ralhore ana T, Bequm, Departmeni of Applied Chemistry, Z.H. College of 
Engineering ana Technology. Aligarh Muslim University, Aligarh-202002. 
India. 
versed phase paper chromatography, and ion-pair reversed 
phase paper chromatography. The data obtained have been 
compared with those obtained by conventional paper and 
thin layer chromatography [5,6] and ion-pair reversed phase 
thin layer chromatography [6]. 
2 Experimental 
2.1 Chemicals and Reagents 
Benzene was obtained from Qualigens (India), brcmophenol 
blue, herbicides, and plant growth regulators from Sigma 
(USA), paraffin oil from Arora Pharmaceuticals, cetrimide 
from Shalaks Chemicals, and trichloroacetic acid "rom CDH 
(India). Other chemicals were of analytical grade. 
Two per cent solutions of the herbicides, plant growth regu-
lators, and cetrimide were prepared in ethanol. Liauid paraf-
fin was used as a 2 % solution in benzene. 
2.2 Chromatography 
2.2.1 Preparation of Impregnated Papers 
Paperchromatography was performed on 15 x 3.5 cm strips 
of Whatman no. 1 chromatographic paper. Impregnated pap-
ers for ion-pair and reversed phase chromatography were 
prepared by dipping the strips into solutions of cetrimide or li-
quid paraffin, respectively, for 30 s. After excess solution had 
been drained off. the strips were placed on filter paper and 
dried, firstly at room temperature and then in a temperature 
controlled electric oven at 50 °C for 10 min. The dr;ed strips, 
now ready for use, were stored in a polythene bag at room 
temperature. 
Impregnated papers for ion-pair reversed phase chromatog-
raphy were first dipped in one solution, dried at room tem-
perature, dipped in the other solution, dried at room tempera-
•ture and at 50 °C, and stored as above. 
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2.2.2 Procedure 
Test solutions (2 %) were spotted on the paper strips with a 
fine capillary or micropipet (0-100 ^1; Gilson, France). After 
drying at room temperature the strips were developed to a 
distance of 10 cm. with a suitable mobile phase, in 25 x 5 cm 
glass jars. The solvents investigated (dielectric constants in 
parentheses) were: 1,4-dioxan (2.209), carbon tetrachloride 
(2.238), benzene (2.284), chloroform (4.806), chlorobenzene 
(5.708), ethyl acetate (6.02), pyridine (12.3), butan-2-ol (15.8), 
acetophenone (17.39), propan-2-ol (18.3), acetone (20.7), 
ethanol (24.3), methanol (32.63), nitrobenzene (34.82), and 
distilled water (78.54). 
The spots of the herbicides and plant growth regulators were 
visualized by spraying the paper strips with an ethanolic solu-
tion of bromophenol blue (0.1 %). For tailing spots, the dis-
tances from the origin of the leading {R\) and trailing (flj) 
fronts were measured and fly values calculated according to 
the equation: 
Average of fl|_ and Rj [cm] 
^ M - Distance travelled by solvent front [cm] 
For compact spots, flf values were calculated in the conven-
tional manner. 
2.2.3 Densitometric Quantitation 
Aliquots (5.10,15. and 20 /d) of a standard solution of trichlo-
roacetic acid (2 %) were spotted on to the impregnated paper 
strips, and, after removal of the solvent, the strips were de-
veloped and the spots located as described above. After vi-
sualization the strip was mounted on a glass plate, placed in 
the carriage of the (Systronics 201) densitometer, and the 
carriage inserted in the slot until the geared rack engaged 
the pinion side. The percent transmittance with a green filter 
00 
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Plots of fl, against dielectric constant for separations on paper impreg-
nated with ion-pair reagent (compound identities as in Table 2): • — • — • , 
B,; * — A — A , fl^; • — • — • .compound breaks down to two spots - two fl, 
values have been reported (f)„ 0 and 1). 
(%7) was recorded by advancing the carriage millimeter by 
millimeter and a chromatogram was produced by plotting 
%7against the distance moved by the carriage. 
The areas of the peaks observed in this chromatogram were 
measured and a calibration curve obtained by plotting 
volumes (/xl) against peak area. This plot was used to 
determine unknown concentrations. 
3 Results and Discussion 
A plot of fl( value against developer dielectric constant for 
separations on plain paper is presented in Figure 1. Plots of 
flf against developer dielectric constant and composition, re-
spectively, are given in Figures 2 (paper impregnated with 
cetrimide) and 3 (all papers). The flf values obtained by plain 
paper chromatography are recorded in Table 1 and the sep-
arations achieved are summarized in Table 2. 
Statistical analysis of densitometric data acquired following 
quantitative separation of TCA from 2,4-dichlorophe-
noxyacetic acid and 2,4,5-trichlorophenoxyacetic acid by ion-
pair reversed phase paper chromatography were computed 
using the following expressions. 
(x, - /i)2 + (x, - ^)2 
N - 1 (1) 
CV (TX 100 
where x,, Xj. • • • • are the values measured, /t the average 
value, and N the number of sets. The results obtained are 
presented in Table 3. 
The results obtained (Figure 1) show that the mobilities {R, 
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values) of the compounds under study is not totally governed 
by the dielectric constant of the solvents used as developers. 
Those with low dielectric constants (1-20) seem to be more 
effective: many separations are possible in such developers. 
2 , 4 - 0 
0 - 0 I — ' — I — I 
^ , ^2 =3 ^ 
Figure 3 Solvent system 
Variation of fl, with choice of water - methanol solvent system for sep-
arations on (1) unmodified paper paper, (2) paper impregnated with cet-
rimlde. (3) paper impregnated with paraffin oil, (4) paper impregnated with 
both cetrimide and paraffin oil (compound identities as in Table 2), Sol-
vent systems: S,, methanol: S, methanol - distilled wafer (85 + 15. v/v): 
Sj. methanol - distilled water (50 + 50. viv); S„ distilled water. 
• — • - • • « , ; A —A — A . f l „ . 
Table 1 
There was little difference between the chromatographic be-
havior of the treated and untreated paper strips. There were 
slight changes in the mobility of DP and TCA, i.e. flf values 
measured by ion-pair paper chromatography were lower than 
those measured on untreated papers. 
The results recorded in Table 1 show that in most cases R: 
values measured on untreated papers increase with increas-
ing solubility of the solute in the developer. Separations such 
as benzoic acid and /^-naphthaleneacetic acid from gallic 
acid and indole-3-acetic acid; trichloroacetic acid from 
Q-'naphthaleneacetic acid, /?-naphthaleneacetic acid, ana 
indole-3-acetic acid; and o'-naphthaleneacetic acid from 
gallic acid have been achieved with benzene, chloroform, 
distilled water, ethanol, nitrobenzene, and propanol both on 
untreated papers and by normal TLC (Table 2) whereas sep-
arations [6] such as /?-naphthoxyacetic acid from 2,4-dichlo-
rophenoxacetic acid, indole-3-acetic acid, and phe-
noxyacetic acid; and 2,4,5-trichlorophenoxyacetic acid from 
2,4-dichlorophenoxacetic acid and phenoxyacetic acid have 
been achieved by ion-pair reversed phase TLC but are no; 
possible by paper chromatography. Ion-pair and reversec 
phase paper chromatography are not. therefore, as effective 
the corresponding TLC techniques. 
4 Conclusion 
Paper chromatography can be used as a simple, rapid anc 
inexpensive technique for the separation of carboxylic acic 
herbicides and plant growth regulators. 
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•"g/100mlal20°C:R = readily 
=" 2,4-D = 2.4.dichlorophenoxyacetic acid: GA 
2,4,5-T = 2,4,5-lrichlorophenoxyacelicacicl 
"25 °C 
gallic acd; lAA = ,ndole-3-acelic acid: a-NPA = .^naphlhaleneaceI,c acid; TCA = 
Inchloroaceiic acid: 
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Table 2 
Separations achieved in different solvent systems by different tecfiniques {R, values or migration distance [cm] in parentheses). 
Compounds separated"' From^i Solvent system Technique"! 
TCA (0-5 cm) 




BA )^ (1.0) and 
/?NPA^>(1.0) 
GA(O.O) 
BA (1.0), Q'-NPA (1.0), and /?-NPA (1.0) 
CPXA (1.0), DP (1.0), 2,4-D (1.0), lAA (1.0), IPA (1.0), /?NPXA (1,0), PXA (1.0), 
and2,4,5-T(1.0) 
BA (1.0), Q'-NPA (1.0),/J-NPA 
CPXA (0.0), GA (0.0), lAA (0.0), IPA (0.0), /?NPXA (0.0), and TCA (0.0) 
CPXA (0-3 cm), DP (0-3 cm), 2,4-D (0.0), GA )^ (0.0), IAA<:| (0.0), 
IPA (0.0), /^NPXA (0.0), PXA (0-3 cm), TCA (0.0), and 2,4,5-T (0.1) 
BA (1.0), CPXA (1.0), DP (1.0), 2,4-D (1.0), lAA (1.0), IPA (1.0), a-NPA (1.0), 
/J-NPA (1.0), /?-NPXA (1.0), PXA (1.0), TCA (1.0), and 2,4,5-T (1.0) 
BA (1.0) and J-NPA (1.0) CPXA (0.05), DP (0.1), 2.4-D (0.1), GA (0.0), lAA (0.0), IPA (0.0), ,JNPXA (0.0), 
PXA (0.05), TCA (0.0), and 2,4,5-T (0-2.5 cm) 




TCA (0-3.5 cm) 
CPXA (0-3 cm), DP (0-3 cm), 2,4-D (0-4 cm), GA (0.0), lAA (0.1), IPA (0.1), 
/^NPXA (0-3 cm), PXA (0-3 cm), TCA (0.05), and 2,4,5-T (0.0) 
CPXA (0.0). 2,4-D (0.0), GA (0.0) lAA (0.0), IPA (0.0), TCA^ i^ (0.1), and 2,4,5-T (0.0), 
BA (1.0), CPXA (1.0), 2,4-D (1.0), GA (1.0), lAA (0.0), IPA (1.0), o-NPA (1.0), 
/^NPA (1.0), /:;^ NPXA (1.0), PXA (1.0), and 2,4,5-T (1.0) 




GA (0.0) ana 
TCA (0-3 cm 1 
GA (0.0) ana 
TCA (0-3 cm) 
DP (0.0) 
TCA (0-3.5 cmt 
TCA (0.1) 
lAA (0-4 cm). IPA (0-4 cm), and 2,4,5-T (0-4 cm) 
2.4-D (0.8), lAA":) (0.75), ^ -NPA':i (0.85), PXA (0.8), and 2,4,5-T (0-8) 
BA (1.0), Q-NPA (1.0), and dNPA (1.0) 
CPXA (1.0). DP (1,0), 2.4-D (1.0), lAA (1.0), IPA (1.0), PXA (1.0), and 2.4,5-T (1.0) 
BA (1.0), Q-NPA (1.0), and /^NPA (1.0) 
BA (0.8), GA (0.7), lAA (0.75), IPA (0.8), a-NPA (0.7), and /?NPA (0.8) 
jJ-NPXA (0.8) 
BA (1.0). (IHNP.A^- (1.0), CPXA (0.0). DP (0.0), 2.4-D (0.0), GA":' (0.0). lAA (0.0), IPA(0.0), ,J-NPXA (0.0), 
- ^ ' " " • - "- PXA (0.0). TCA i^ (0.0), and 2,4,5-T (0.0) 
BA (1.0), CPXA (1.0), DP (1.0), 2,4-D (1.0), lAA-^ " (1.0), IPA (1.0), c^NPA '^ (1.0). 




DP (0-5 cm). 
CPXA (0-4.5 cm), 
2.4-D (0-5 cm), 
TCA (0-2 cml. and 
2,4,5-T (0-4 cm) 
BA (1.0), GA (1.0), lAA-^ i (1.0), IPA (1.0), a-NPA (1.0), /?-NPA (1.0), 
andj'-NPXA(I.O) 


















































"BA = benzoic acid: CPXA =• 4-chlorophenoxyacetic acid; DP =• dalapon: 2,4-D =• 2,4-dictilorophenoxyacelic acid: GA = gallic acid: lAA = indole-3-acetic acid; 
IPA = indole-o-propionic acid; a-NPA = (»'-naptiltialeneacelic acid; ,>NPA = //-naphthaleneacetic acid; /^ -IMPXA = >>naphltioxyacelic acid; PXA • phe-
noxyacelicacia; TCA = trichloroacetic acid; 2,4,5-T = 2.4,5-lrichlorophenoxyaceticacid 
'" PPC = plain paper chromalograpfiy; IPPC = ion-pair paper chromatography; TLC = conventional t.^ in layer ctiromatography; IPRPPC = ion-pair reversed 
ptiasepaperc.lromaiograptiy; IPRPTLC = ion-pair reversed phase TLC. RPPC = reversed phase paper chromatography 
'' separations also achieved by IPRPTLC 
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Table 3 
Quantitative separation and determination of TCA in distilled water by IPRPPC. 
Amount of TCA Area Mixture separated^"" 
applied [/il] [cm2] TCA (0.8) - 2,4-D (0-4 cm) 
Area after separation [cm^] 
TCA (0.8) - 2,4,5-T(0-4cm) 
Area after separation [cm^] 

































= R. values or migration distances [cm] are given in parentheses. 
= 10 ^ 1 of 2 % solutions of the acids were loaded on to the paper. 
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CHROMATOGRAPHIC BEHAVIOUR OF SOME AGRO COMPOUNDS 
ON LEACHED FLYASH 
Hamir Singh Rothore, Ishtiaq Ali & Tahira Begum 
Department of Applied Chemistry 
Z.H. College of Engineering and Technology 
Aligarh Muslim University, Aligarh 202 002, India. 
Thin layer chromatographic behaviour of some carbox-
ylic herbicides such as 4-chiorophencixyacetic a d d . 2,4-
dichlofophenoxyocetic acid trichloroacetic acid. 2/4.5-
trichlorophenoxyacetic acid and pTanf growth regulators 
such as gallic acid. irxlo(e-3-<3cetic acid, ^ a p h t h a l e -
neacetic acid and ^-oaphttxsxyacetic acid on flyash 
leached with acetic o d d , benzene, ethand. hydrochloric 
acid, sulphuric acid, sodium carbonate, sodium hydrox-
ide m common so(ventsar>dsdutions is studied. Revalues 
ate the function of reogents used as developers and 
leachants. Binary separations of indole-3-acetlc a d d (7 
(xg) from gallic (340-660 (ig) and oxalic (252-504 (ig) acids 
aro achieved. 
Fiyc5h Obtained from thermal power station, Kosimpur. India consists pre-
oorrtinantfy of quartz with alumina, silica and coesrte'. \t has also been 
reported' that Ag, Al, As, B, Bo, Be, Bi, Cd, Co, Cr, Cu, F, Hg, Mn, Mo, Ni, Pb, 
ib, Sn, Ti, V. W and Zn ore present in it. Several mutagenic nrtro-organic 
compounds', poiycyclic aromatic hydrocarbons* and dibenzo furan and 
cibenzo-p-dioxin mixtures' have also been found in flyash. The previous 
puoiicotions from this laboratory show that the flyash adsorbs carboxylic 
compounds and hence, con be used for their removal from water. The 
flyash impregnated with hydroxides of Al, Cd, Cu, Fe and NI can also be 
used for the removal of cinnomic, indole-3-acetic, p-naphthaleneacetic, p-
nophthoxyocetic, oxalic and trichloroacetic acids from water. Therefore, in 
continuation to our previous work, the chromotogrophic behaviour of 
eleven cortxjxylic ogro compounds on fresh and leached flyash in different 
solvents is studied. The results obtained are discussed In this paper. 
EXPERIMENTAL 
Recg&nrt and ChemiCQis 
Acetone (BDH, India); benzene, calcium sulphate dihydrote, carbontetra-
chloride, chloroform, ethylocetate, propanol (E.Merck, indka); bromophe-
noi blue, 4-chlorophenoxyacetlc acid, 2^-dichlorophenoxyacetk: ackj, 
gallic acid, indole-3-acetk: acid, ^ naphthaleneacetlc ackJ, p-naphthoxy-
acetic acid, trichloroacette acid. 2/45-trichtorophenoxyacetic acid 
(Sigma, USA) and flyash (100-200 mesh) from Russian plant of Thermal Power 
218 
Stotfon. Kosimpur, U.P.. India, were used. All other reagents used were or 
cnalytica/ grade. 
Appcratus 
A stahl apparatus with a universal applicator (adjustable tfiickness of the 
applied layers hot air electric drier glass plates (20 x 4 cm), glass jars (25 x 5 
cm), electric oven, magnetic stirrer, electrical centrifuge machine, bausc^ 
and lomb spectronic-20, and ASTM standard iest sieves were used 
Prepcffoiion of solutions 
Prepare solutions (2%) of 4-chlorophenoxyacetic, 2,4-dictTlorDphepoxv 
acetic, gallic, indole-3-acetic. P-naphthaleneacetic. P-naphthoxvacer:c. 
phenoxyacetic. and 2,4,5-tric.'".lorophenoxyacetic acids. andO. 1% brcmc-' 
phenol blue in ethanol. Prepcre (2%) oxalic and (5%) trichloroacetic ac:o n 
distilled water. For spectropnotometric determination of indole-3-acer c 
ac:d, use freshly prepared reagent obtained by mixing 1 mi of 0.5 M FeCi_ 
in 50 ml of 35% (v/v) perchlonc acid. 
Treotment of flyosh 
Treat Ryash (40 g) with 100 ml of ethanol or bf^'^zene or DW or 0. IN sulphurc 
Gcid or hydrochloric acid or acetic acid or sodium carbonate or sodium 
hydroxide in a 250 ml beaker with occasional shaking at room temperature 
(30*C) for 24 hr. Remove the c.-ganic solvents by decantation and dry 'r.e 
flycsn at 50'C. Decant the aauecus solutions, wash the flyasn wrth DW till ihe 
wasnings ore neutral to pH paper and then dry the fJyosh ot room tempera-
ture (30*C). 
Preparation of plates 
Apply a slurry consisting of treated flyash (40 g), catetum sulphate (13.33 g) 
and DW (80 mO on the gloss ptates with the help of on opplkrotor so that the 
thickness of the coating is 0.5 mm. Allow the pkntes to dry at room 
temperature (30'C) and then in a te.npercture controlled electric oven at 
nO'Cforlhr. 
Detection or acids 
Locate the acids under studv or -he plates by 1% ethanolic alkaline 
bfomophenoi blue sotuticn. 
210 
Spcffing of tMf aokjHont 
Spot the test solutions on ttie plates with the help of a fine copillofy and 
remove the solvent by hot air drier. Develop the plates in a solvent, and 
locate the acids by spraying bromoptTer>ol blue. Keep the distance 
ascended by the developer at 10 cm. For tailing, measure the front limit (RQ 
and the -ear limit CRT) while for other acids take normal R, values. 
Distance travelled by substance (cm) 
Distance travelled by solvent front (cm) 
Quaiitatifve separations 
To achieve qualitative separations of acids, spot one of the acids, remove 
the solvent, then spot the second acid and remove the solvent again. 
Develop the plates, dry and locate the acids as above. 
Quantitative separations 
Spot a Icnown volume of standard acid solution on the plate wtth.the help 
of a graduated micropitette v/ith vaccupet control, remove ttie solvent, 
develop the plates and locate the spots as above. Scratch out the 
demarcated area of the coa*'ng, extract the acid with ethanol (5 mD and 
remove the solid by centrifugation. Determine the acid In the centrlfugate 
spectrophotometrically by the following procedure. 
Add to the extract (1 mO containir^g indole-3-acetlc acid, 2 ml of freshly 
prepared reagent dropwise but rapidly with continuous agitation. Incubate 
the sample in dork for one hour for colour devek^pment. Rnally measure the 
obsortx3rx:e at 510 nm against a bkank containing ethanol (1 mO and 
reagent (2 ml). 
RESULTS ft DISCUSSION 
Mopyity of 2A-D. 2A5-J and TCA on flyash samples F,, F,, F,, F,, F,, F, is stK)wn 
in fig. I. Mobility of eleven cartxixyllc herbicides understudy is stiown in Table 
1." Some important separations are recorded In Table II. The results of 
quantitottve seporatlons ore given in Table 1(1 and IV. 
Abbrevtatlons used are defined as CPX (4-Chte»ropherK3xyacetic acki), 2A-
D (2/J-Ok:hlorophenoxyacetlc acid), GA (GdHc acid). lAA andole-3-ocetk; 
ocid), IP A (lndole-3-proptonic acid), NPA (B-Naphthaieneacetk: ockfi, 
NPCX (B-Napthoxyocette acid), OA (Oxalk; acid), pHX (Phenoxyacetic 
add), TCA arichksroacetk; acki), 2/45-T (2^1,5-TrichkDrophenoxyacetlc 
acid). SAMPLE F, - Flyash leached with ocetk: ackj 
SAMPLE F,' - Ryosh leoct'^ed with benzer>e 





Ryash leached wftfi ethonol 
Flyosh leached with sulphuric ocid/hydrochlcnc ac;d 
Flyosh leached with sodium carbonate/sooium 
hydroxide 
TABLE I 
Mobility of cartxjxylic herbicides on ftycsti leeched 
wifti different so/utions 





























r^w-Ui im rhlnrirte 
0-0.2 
GA. OA. lAA 
CPX. GA. lAA, IPA, 
GA,OA 





CPX. GA. lAA. IPA, 
NPX. OA. TCA. 
2A.5-r 
GA.OA 








2.4-D, NPA, ^HX 
NPX,OA,TCA,2,4.5-r 




IPA. NPA, PHX. TCA. 
2.4,5-T 
GA. OA.PHX.TCA 
NPA. NPX, 2.4,5-T 
CPA. 2.4-D, lAA. IPA. 
NPA. NPX. PHX, TCA, 
2.4.5-T 
2/1-D, NPA. PHX 
CPX. 24-0, lAA, IPA, 
NPX. PHX. TCA. 2,45-T 
GA.OA. PHX 
CPX. 2.4-D. GA.IAA 
IPA. NPA. NPX. PH:X. 
TCA, 2.4.5-T 
GA.OA, PHX.TCA 








4 Distilled water 
5 EthylQcetote 
GA.OA. lAA 
CPX, GA, lAA, 
IPA, NPX. OA, TCA 
GA.OA 
CPX.2A-D. lAA 
IPA, NPA, NPX, PHX 
TCA, 24,5-T 
OA 
6 Sodium chloride CPX, 2A-0. lAA 








4 Distilled waiter 
5 Ethylacetate 
GA,OA 
CPX, GA, NPX, lAA, 
IPA, OA, TCA. 
2,4,5-T 
GA.OA 
CPX, lAA, IPA, 
NPA, NPX, 2/t5-T 
OA 
CPX, 2 4-0, IPA, 
NPA, NPXM PHX, 
2,4,5-T 
2A-D. NPA, PHX 
CPX, 2A-D. IPA 
NPA, NPX. PHX, TCA, 
2,4.5-T 
GA, OA, PHX, TCA 
CPX, 2A-D. GA, lAA, 
IPA, NPA. NPX. PHX, 
TCA, 2AJ5-J 
GA,OA,PHX,TCA 
6 Sodium chloride CPX, 2A-D. lAA, 
(1%) IPA. NPA, NPX, 
2AJ5-T 
CPX.2>J-D,iAA, 
IPA, NPA. NPX. PHX, 
TCA, 2AJ5-J 
2AD, PHX,NPA ' A 
CPX, 2A-D. lAA. 
IPA, NPA, NPX, PHX, 
TCA, 2/4,5-T 
GA,OA,PHX,TCA 
CPX, 24-D, GA, 
lAA, IPA, NPA. NPX 
GA.OA, PHX, TCA 
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SAMPLE F 
1 Benzene GA.TAA.OA.TCA CPX, 2,4-D, IPA, 
NPA. \'px, pyx. 
2,4,5-5 
2 Carbonte- CPX. GA. lAA. IPA. 2,4-D, NFA. PHX 
trachloride NPX, O A. TC A, 
2.4.5-T 
3 Chloroform GA.OA CPX.2.4-D, iAA. 
IPA, NPA. NPX, PWX. 
2.4,5-T 
4 Distilled water CPX, 2,4-D, lAA. GA, ip,.\ OA, Pf'A, 
NPA, NPX.2/1,5-T TCA' 
5 Ethylocetote OA CPX, 2.4-D, GA. !A.-
iPA,NPA,NPX, P.HX, 
TCA. 2,4,5-T 
6 Sodium chlonde CPX, 2A-D. IAA, GA. IPA. OA. PHX 
(1%) NPA, NPX. 2,4.5-T TCA 
SAMPLE F 
1 Benzene GA.OA CFx.2A-D.iAA. 
PA. NPA. NPX. PHX. 
TCA, 2.4.5-T 
2 Carbonte- CPX, GA, IAA. IPA, 2,4-D, NPA. PHX 
trachloride NPX, OA, TCA, 
2,4,5-T 
3 Chloroform GA,OA,TCA CPX, 24-D, IAA, 
PA. NPA, NPX, 
PHX,2,45-T 
4 Distilled wafer L.^ JX', 2,4-D, IAA, GA, OA,.^X, TCA 
IPA, NPA, NPX, 
2.4.5-T 
5 Ethylacetate OA CPX. 2.4-D. GA, IAA. 
;PA, NPA. NPX, PHX. 
TCA. 2,4.5-T 
6 Sodium Chloride CPX.2A-D.\AA, GA. OA. PHX.TCA 
(1%) IPA, NPA, NPX. 
2,4.5-T 
Abbreviations are defined in Resuft Section. 
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TABLE 11 







2,4-D. NPA. PHX 
GA.OA 
CPX. 2,4-D. lAA 
IPA, NPA, NPX. 
2.4,5-T 
CPX.2A-D.\AA. 
IPA. NPA. NPX, 
2,4.5-T 
GA. OA, PHX 
CPX, 2,4-D, lAA, 
NPA, NPX. 2,4.5-T 
OA 
CPX,24-D,IAA, 





CPX. GA. lAA. IPA. 




GA.OA. PHX. TCA 
IPA 
OA 
GA, OA. PHX. TCA 
IPA 
Laocfied fiyosti 
F , F, F . F , F 
• J ) 4 * F.F 
F , F;. F , F , F,, F 





F'. F ,F , F , F , F 
1 7 } * k • F,. F,. F^ , F^ . F, 
F .F ,F ,F ,F ,F . 






F . - ^ ^ ^ f . - P . 



























2A-D. NPA, PHX 
GA.OA 
TCA 




GA, OA, PHX 
TCA 
F , F . F , F , F . F 
F,'.P,-F. 
F,, F,, F,, F , F,. F, 
F|, F', F,, F'. F,. F. 
^, . 
F', F,, F^ , F,. F. 
F,, F^ . F], F[, F* 
F' ' ' ' ' 
F > , ' ^ - ^ P . - P . 











Sodium chloride (1%) 
Sodium chloride 1.1%) 
Abbreviations used are defined in Result section 
TABU lit 
Binary quantitative separations o4 lncioie-3-ocetic acid 
(lAA) from golflc acid (GA) 
Acid 






340.2 ug of GA 




n ± ^ 
0.094 ± O0074 




Binary quantitative seporatloni ol lndoi«-3-oce«c ockj 
(lAA) from oxaflc acid (OA) 
Acid 
7j i f lOf lAA 





252.14 no of OA 








Thickness of flyosh tayer - 0.5 mm 
Deveksper-Ch/Ofofonn » 10 cm 
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DISCUSSION 
tt is cteor from the cJoto that mobiBty of hefbteWes depends on the solvents 
used C3S developer OS wefl OS on the reagent used tor leeching the ftyostt 
For example 2y4^T hos minimum mobility (R, value 0.0) in distilled water, 
aqueous sodium chloride and carbontetrachlorlde whie it has maximum 
mobilitv (R, value 0.801) in benzene and chtoroform on afl the samples F,. F,, 
Fj, F^ . F, and F^ . Totrfe I shows ttxit the mobility on samples F,. F^ . F^ , F^ , F, and 
Fjeoched with acetic acid, benzene, distffled woter, ethylaicohol sulphuric 
acid/hydroct^loric acid and sodium hydraxide/sodlum cartx)nate respec-
tively hove different R, values of hieibicldes in tt^e same solvent i.e. lAA stand 
at the point of opplicatton (R, va^e 0.Q) on samples F,, F, and F^  while it has 
Rf value 1.0 on samples F,, F^  and F^  in benzene. Table 11 shows ttxjt 2AD, 
2.4,5-T, 7CA can be separated from complex mixtures on flydSh coatings in 
simple solvents. The different composition of tt^e teoctied flyosh and 
soiubiiitv may be responsible for diiterentiol retention of herbicides. The 
results recorded in Tables III and IV show the analytical potential of flyosh in 
the area of quantitative onaiysis. The results discussed above may be helpful 
in understanding the interoction of t^ ertalctdes with flyash in different types 
of soil, microbial actlvrty*-* stabafcaatlon of soil. fertiBty of soil, growth and 
development of com arwl soyabean seedlings" and liming of soK. At 
Thermal Power Station Kasimpu Qndla) the flyash Is available from German, 
Japarwsse and Russian plants. The appearance, fineness, and composition 
of the flyash collecled from the three plants was found to be different. The 
flyash coUoctod from Russian plant is powdery and free from unbumt 
carbon. Therf .ore it was selected for 1t^ atXA/e studies. 
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